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PREFACE. 

This  treatise  is  divided  into  two  parts.  The  first  relates  to  the  making  and 
the  maintaining  of  Macadamised  Eoads,  while  the  second  part  deals  with 
Carriageways  and  Footpaths. 

Although  much  has  been  written  on  the  subject  of  making  and  maintain- 
ing macadamised  roads,  the  recent  introduction  of  mechanical  appliances  for 
quarrying,  manufacturing,  and  consolidating  the  metalling  has  led  to  im- 
portant changes  on  the  older  methods,  whereby  more  expeditious,  efTective, 
and  economical  work  has  been  rendered  possible.  The  effect  of  the  transfer 
of  the  management  of  the  highways  to  the  County  Councils  by  the  Local 
Government  Acts  has  afforded  scope  for  road  maintenance  on  a  larger  scale 
than  has  hitherto  been  practised  in  this  country. 

The  information  here  given,  which  treats  of  all  matters  relating  to  the 
systematic  making  and  repairing  of  roads  and  streets,  is  for  the  most  part  the 
result  of  experience  of  the  practical  work  of  constructing  roads  and  their 
subsequent  maintenance,  extending  over  a  considerable  number  of  years. 
The  methods  of  carrying  out  the  work  and  the  cost  of  each  operation  are 
given  in  detail,  and,  it  is  hoped,  are  now  brought  together  in  a  useful  form. 

In  the  second  part,  all  the  recognised  descriptions  of  material  used  in 
the  paving  of  carriageways  and  footways,  and  the  latest  methods  of  con- 
struction adopted  in  the  principal  cities  and  towns  of  the  kingdom,  are 
described.  The  cost  of  forming  pavements  and  the  comparative  wear  are 
also  given  in  detail.  The  congestion  of  pedestrian  and  vehicular  traffic  in 
the  larger  towns,  and  the  means  of  obviating  the  delays  inseparable  from 
the  present  state  of  matters,  are  noticed  at  some  length.  The  benefits  likely 
to  result  from  the  construction  of  subways  are  also  described  in  a  concise 
manner,  while  other  matters  of  general  importance  receive  due  and  adequate 
notice. 


VI  PREFACE. 

The  Author  has  throughout  this  treatise  adhered  to  as  systematic  an 
arrangement  as  practicable.  He  trusts  that  it  will  meet  the  need  for  a 
detailed  treatment  of  the  subject  according  to  the  latest  practice,  which 
has  mainly  arisen  from  the  altered  conditions  of  transit  during  recent 
years. 

T.  A. 

August,  1900. 
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HISTORICAL   SKETCH. 

Boad  Making. — Tredgold's  definition  of  the  profession  of  the  Civil 
Engineer,  which  was  adopted  by  the  'Institution  of  Civil  Engineers'  in 
their  charter — viz.,  ''The  art  of  directing  the  great  sources  of  power  in 
nature  for  the  use  and  convenience  of  man  " — illustrates  very  forcibly  the 
importance  of  road  making  as  a  branch  of  engineering  practice. 
"v  The  construction  of  roads  or  artificial  ways  is  one  of  the  first  steps 

taken,  with  the  spread  of  civilization,  in  opening  up  a  country  for  the 
accommodation  of  travellers  and  the  carriage  of  commodities. 

Eoad  makers  may  be  looked  upon  as  pioneers  in  the  material  advance- 
ment of  a  nation  and  in  influencing  society,  the  good  condition  in  which 
roads  are  maintained  being  a  fair  indication  of  the  progress  or  prosperity  of 
any  age  or  people. 

The  natural  resources  and  manufactures  of  a  country  can  only  be 
developed  by  communication  between  towns  and  rural  districts,  or,  in 
other  words,  "The  road  is  so  necessary  an  instrument  of  social  well-being, 
that  in  every  new  colony  it  is  one  of  the  first  things  thought  of.  .  .  . 
The  new  country,  as  well  as  the  old,  can  only  be  effectually  opened  up,  as 
the  common  phrase  is,  by  roads,  and  until  these  are  made  it  is  virtually 
closed."  *  The  evolution  of  the  modem  road  can  only  be  adequately  under- 
stood by  reference  to  the  practice  of  this  interesting  subject,  from  the  time 
when  the  making  of  the  great  military  roads  of  the  Romans  was  carried 
out  to  the  present  time,  authentic  descriptions  of  which  are  recorded.  It 
will  be  necessary,  therefore,  previous  to  detailing  the  different  processes 
from  the  inception  to  the  completion  of  roads  and  streets  as  now  con- 
structed, to  review  concisely  the  history  of  the  subject,  which  extends  over 
a  period  of  2200  years. 

Boman  Boads. — The  Eomans  learned  the  art  of  making  paved  roads 
from  the  Carthaginians,  and  the  highways  constructed  by  them  were 

*  Smiles'  Lives  of  the  Snffineers,  vol.  i. 
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regarded  as  of  vital  importance  for  conquest  and  the  maintenance  of  their 
Empire,  while  they  were  admirable  models  of  engineering  skilL 

One  of  the  oldest,  and  probably  the  most  important  of  these  paved 
military  roads,  called  the  'Appian  Way,'  was  commenced  by  Appius 
Claudius  while  holding  the  office  of  censor,  in  312  B.O.  Twenty-nine  great 
military  roads  centred  in  Rome,  many  of  which  were  carried  in  different 
directions  to  the  extreme  limits  of  the  vast  Empire,  connecting  the  Capitol 
and  the  principal  cities  and  strategic  points. 

These  lines  of  communication,  for  a  distance  of  50  miles  from  Rome, 
were  decorated  on  either  side  with  temples  and  other  superb  edifices. 
Buildings  were  erected  at  regular  distances  alongside  these  roads  at  the 
public  expense,  and  used  as  lodging-houses  for  changing  horses  to  suit  the 
wants  of  the  couriers,  and  for  the  requirements  of  the  army;  mansions 
were  also  erected  at  intervals  of  from  30  to  36  miles  for  the  accommoda- 
tion of  the  soldiers. 

Roman  roads  are  remarkable  for  preserving  a  straight  line  from  point  to 
point  regardless  of  obstacles,  which  by  a  slight  detour  could  have  been 
avoided.  They  were  carried  over  marshes,  lakes,  ravines,  and  mountains, 
and  have,  by  their  bold  inception,  duration  and  stability,  excited  astonishment 
and  admiration  in  all  ages.  The  '  Appian  Way '  was  not  only  the  earliest 
military  road,  but  the  best  constructed ;  and  Statins,  the  poet,  designates 
it  as  the  Queen  of  Roads  in  his  time.  It  extended  to  360  miles ;  the  portion 
from  Rome  to  Capua,  a  distance  of  142  Italian  miles,  was  constructed 
during  the  censorship  of  Claudius.  The  remaining  portion,  extending  in  a 
south-easterly  direction  to  Brundusium  (now  Brindisi),  appears  to  have  been 
carried  out  from  time  to  time  as  the  Romans  conquered  the  states  to  the 
south.  Julius  Cadsar  spent  considerable  sums  of  money  on  this  road,  and 
in  all  probability  completed  it  to  Brundusium.  The  mode  of  constructing 
this  great  militaiy  road  was  as  follows : — 

Two  parallel  trenches  were  excavated  at  a  distance  of  about  40  feet 
apart  to  mark  the  width  of  the  road,  and  also  the  direction  which  it  was 
intended  to  follow.  This  at  once  gave  the  location  of  the  road,  and  showed 
the  nature  of  the  subsoil,  from  which  the  level  of  the  foimdations  was 
determined ;  all  loose  soil  was  removed,  and  replaced  where  necessary  with 
suitable  material,  consolidated  by  ramming  until  a  solid  foundation  was 
obtained  for  the  support  of  the  road  materials. 

This,  in  general,  appears  to  have  been  composed  of  four  layers  of  mate- 
rial having  a  total  thickness  of  3  feet,  local  stone  being  used  when  avail- 
able, though  at  times  the  material  was  brought  from  a  considerable  distance. 
The  lowest  layer,  or  gtatumerif  was  formed  of  two  courses  of  flat  stones  laid  in 
mortar ;  over  this  was  laid  the  rudua^  or  rubble,  well  beaten ;  then  the  third 
layer,  called  the  nucleus,  a  sort  of  beaton,  was  spread,  being  composed  of  coarse 
gravel  and  lime,  used  hot,  and  on  which  was  bedded  the  summa  crueta. 
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When  the  road  was  carried  over  marshy  ground,  a  framework  of 
carpentry  was  provided,  called  '  ccntignata  pavimeata^^  and  the  frame  itself 
contignationes. 

The  joiflte  or  sleepers  were  termed  coaxationes  or  eassationes^  and  were 
made  of  an  oak  caUed  escolns,  hecause  it  was  not  liable  to  warp  or  shrink. 
To  protect  the  timber  from  the  effect  of  the  lime  mixed  with  the  other 
materials,  it  was  covered  with  a  bed  of  rushes  or  reeds^  and  sometimes 
straw.  On  this  stratum  of  reeds  or  straw  was  laid  the  gtatumen  or 
foundation. 

The  second  bed  was  made  of  broken  stones  mixed  with  lime,  which  Isidore 
calls  nidus.  When  this  material  was  composed  of  stones  freshly  broken,  it 
was  called  rudus  novum^  and  quicklime  was  added  in  the  proportion  of  one 
of  lime  to  three  of  stone.  But  when  the  material  came  from  old  buildings, 
it  was  called  rudu8  redivivum^  and  then  an  additional  portion  of  lime  was 
used,  two  parts  to  five,  and  the  work  termed  ruderaiionem ;  the  rammer  or 
beater  was  employed  to  strengthen,  equalize,  and  smooth  it  This  com- 
position, whether  formed  of  gravel  or  dSbris^  was  9  inches  in  thickness 
after  it  had  been  thoroughly  rammed. 

;»_--  r/— — 4«^*4 /5.V — ^^ — '^'y » 
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Fio.  1. — Crofls-aection  of  Roman  road  (' Appian  Way'). 

Over  this  tarra»  or  ruderation^  a  cement  was  laid  for  the  third  bed, 
which  was  composed  of  bricks,  potsherds,  or  broken  tiles  mixed  with  lime,  in 
the  proportion  of  one  of  lime  to  three  of  brick.  This  was  spread  over 
the  mdercUion  in  a  thin  layer  to  receive  the  fourth  bed  or  paving,  con- 
sisting of  polygonal  blocks  jointed  with  the  greatest  nicety,  serving  as 
a  covering  to  the  entire  work,  and  was  called  in  consequence  mmmam 
crugtam.  The  third  bed,  or  nucleus,  was  the  softest  layer  of  the  whole,  and 
was  int-erposed  between  the  harder  layers.  The  stones  and  cement  which 
formed  the  road  were  not  less  than  6  inches  in  thickness,  and  the  entire 
mass  laid  upon  the  framework  of  carpentry  was  15  inches.  Fig.  1  shows  a 
crossHsection  of  the  'Appian  Way,'  and  typifies  many  of  the  other  great 
military  roads  in  the  neighbourhood  of  Borne.  The  paved  portion  was  16 
feet  wide,  with  margins  on  either  side,  separated  by  a  curb  2  feet  wide  and 
18  inches  high,  which  served  as  seats  for  travellers.  The  margins  were 
not  paved  with  blocks,  the  finished  surface  being  the  gravel  concrete ;  they 
were  consequently  at  a  lower  level  than  and  were  only  half  the  width  of 
the  centre  portion. 
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The  entire  width  of  these  military  roads  was  from  36  to  40  Roman  feet, 
the  middle  portion  being  for  the  infantry,  while  the  margins  were  made  use 
of  by  horses  and  carriages. 

Of  the  other  great  military  roads  some  were  named  after  the  Consuls  and 
Emperors  who  had  constructed  them,  such  as  the  Flaminian  and  Domitian, 
while  others  were  designated  by  the  name  of  the  province  through  which 
they  passed,  such  as  the  Latian,  Tiburtine,  Gampanian,  and  Praenestine  ways. 

Other  roads  constructed  solely  for  civil  purposes  were  connected  with 
the  great  military  ways  and  distinguished  by  the  following  names.  Via, 
Actus,  Iter^  Semita,  Trames,  Diverticulum,  Divertium,  Ccdlais,  etc.* 

Via  answers  to  our  common  road ;  its  breadth  was  8  Roman  feet,  so 
that  carriages  could  pass  without  collision. 

Actus  was  a  road  for  the  passage  of  a  single  carriage;  it  derived  its 
name  from  a  measure  used  in  sijrveying  land,  of  which  the  breadth  was 
4  feet  and  the  length  120  feet. 

Iter  was  a  road  for  pedestrians  and  horsemen,  the  breadth  of  which  was 
3  feet. 

Semita  was  only  half  the  breadth  of  the  Iter,  and  when  it  crossed  fields 
it  was  called  Trames,  Diverticvlum,  and  Divertium. 

Callais  was  a  road  through  mountainous  districts,  for  the  purpose  of 
attending  the  flocks. 

"  The  unpaved  roads  of  the  Romans  were  called  by  Ulpian  vias  terrenas, 
to  distinguish  them  from  those  dressed  with  stone  or  gravel,  and  they  were 
regulated  by  similar  laws  and  ordinances  to  the  others.  The  road  from 
Spain  into  Italy,  through  Nismes,  was  of  this  kind,  and  only  passable 
during  the  summer  months. 

"  In  the  winter  and  spring  it  was  in  a  soft  state,  from  the  water  which 
came  down  from  the  neighbouring  mountains,  though  Strabo  mentions 
several  wooden  and  stone  bridges  and  ferries.  These  roads,  so  liable  to  be 
broken  up  by  the  torrents,  were  exposed  to  the  action  of  the  sun  and  wind, 
all  shade  being  removed,  that  they  might  speedily  dry. 

"  The  whole  Roman  Empire  comprised  eleven  regions,  viz.,  Italy,  Spain, 
Gaul,  British  Isles,  Illyria,  Thrace,  Asia  Minor,  Pontus,  the  East,  Egypt, 
and  Africa,  and  these  were  divided  into  113  provinces,  traversed  by  372 
great  roads,  which,  according  to  the  Itinerary  of  Antoninus,  were  together  in 
length  52,964  Roman  miles."  t 

In  Peru  the  Incas  appear  to  have  built  great  roads.  That  from  Quito  to 
Cuzco  was  between  1500  and  2000  miles  in  length  and  20  feet  wide ;  it  was 
situated  at  an  elevation  of  over  12,000  feet  above  the  sea  level.  This  road 
was  characterized  by  having  a  running  stream  and  a  row  of  trees  on  either 
side,  while  the  road  itself  was  paved  with  stones  10  feet  square,  and  in 
some  instances  with  stone  covered  with  bitumen. 

*  Cresy's  Encyclopadia  of  Civil  Engineering,  1847,  t  Ibid, 
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Humboldt,  in  his  AspecU  of  Nature,  speaks  of  this  mountain  road  as  "  a 
marvellous  work,  not  inferior  to  the  most  imposing  Koman  roadways " ; 
while  Prescott,  in  his  History  of  Peru,  says  of  this  road  that  "  it  was  con- 
ducted over  sierras  covered  with  snow ;  galleries  were  cut  through  the  living 
rock ;  rivers  were  crossed  by  means  of  bridges  swung  suspended  in  the  air ; 
precipices  were  scaled  by  stairways  hewn  out  of  the  native  bed,  and  ravines 
of  hideous  depth  were  filled  up  with  solid  masonry.'' 

Among  the  many  magnificent  engineering  works  carried  out  by  the 
Komans,  the  public  roads  ranked  pre-eminently  high,  and  great  labour  and 
expense  were  incurred  in  their  construction.  It  is  not  to  be  wondered  at, 
therefore,  considering  the  importance  of  these  works,  that  only  those  of  the 
highest  attainments  were  considered  as  having  the  necessary  qualifications 
to  supervise  these  great  works  of  prominent  utility. 

Early  French  Beads. — As  the  Komans  conquered  states,  roads  were 
introduced  for  the  benefit  of  commerce  and  society,  and  the  art  of  con- 
structing them  on  the  Roman  method  was  practised  in  France  till  about 
the  beginning  of  the  eighteenth  century.  A  cross-section  of  these  roads  is 
shown  in  fig.  2. 

The  material  forming  the  road  was  composed  of  flat  stones  laid  by  hand 


TiQ.  2. — Croes-section  of  French  road  (Roman  method)  previous  to  1775. 

in  two  or  more  layers  for  a  width  of  18  feet  on  the  bottom  of  the  excava- 
tion; on  this  foundation  a  layer  of  small  stones  was  spread  and  beaten 
down,  and  the  surface  finished  with  a  layer  of  stones  broken  smaller  than 
the  underlying  material.  The  usual  thickness  of  the  body  of  the  road  was 
18  inches  in  the  centre  and  12  inches  at  the  sides.  The  roads  in  France 
down  to  the  year  1764  were  maintained  by  statute  labour  {la  corvee)  which 
was  only  effected  twice  annually,  in  the  spring  and  autumn  of  each  year, 
necessitating  the  application  of  large  quantities  of  stones  to  carry  the  traffic 
during  the  intervals  between  repairs.  After  the  suppression  of  statute 
labour  (1764)  the  mode  of  constructing  new  roads  was  considerably  modified, 
and  in  the  year  1775  M.  Tr^saquet  adopted  the  method  shown  in  section  at 
fig.  3.  The  excavated  portion  was  made  parallel  to  the  finished  surface  of 
the  road  and  10  inches  below  it.  The  bed  of  stones  was  laid  edgewise  and 
beaten  to  an  even  surface,  over  which  a  second  bed  of  smaller  stones  was  laid 
by  hand,  the  finishing  layer  being  of  broken  stones  the  size  of  walnuts,  and 
spread  with  a  shovel.     The  rise  of  the  road  was  6  inches  in  the  centre,  the 
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material  for  finishing  the  road  or  upper  surface  being  selected  from  the 
hardest  quality  of  stone. 


JBr-dken.  sto, 


Fio.  8.— Cross-section  of  French  road,  as  constracted  by  M.  Tr^saqnet  in  1775. 

Later  French  Beads. — This  mode  of  constructing  roads  in  France  was 
practised  till  about  the  year  1820,  when  the  system  of  Macadam  attracted 
attention;  the  peculiar  virtue  of  angular  broken  stones  in  consolidating  and 
forming  a  hard  surface  was  recognized,  and  the  system  was  officially 
adopted  in  1830  for  constructing  roads  in  that  country. 

M.  Dumas,  engineer-in-chief  of  the  Fonts  et  Chauss^es,  writing  in  1843,^ 
stated  that  the  system  of  Macadam  was  generally  adopted  in  France,  and 
that  the  roads  were  maintained  in  good  condition  by  continuous  and  watch- 
ful attention  in  cleansing  and  repairing  them,  and  realizing  his  motto, 
"The  maximum  of  beauty." 

Early  British  Beads. — The  great  Roman  General  Julius  CsBsar  carried 
out  many  payed  roads  in  Italy,  and,  recognizing  the  yital  importance  of 
such  lines  of  communication,  extended  them  into  the  provinces ;  while 
subsequent  to  the  year  a.d.  43,  main  and  branch  roads  were  constructed 
in  Britain  by  the  Romans  in  almost  every  direction,  from  their  military 
stations  and  camps  to  the  coast. 

"  The  Romans  seem  to  have  paid  particular  attention  to  the  construction 
of  roads  in  the  distant  provinces ;  and  those  of  Britain,  which  may  still  be 
traced  in  various  ramifications,  present  a  lasting  monument  of  the  justice  of 
their  conception,  the  extent  of  their  views,  and  the  utility  of  their  power. 
A  grand  trunk,  as  it  may  be  called,  passed  from  the  south  to  the  north, 
and  another  to  the  west,  with  branches  in  almost  every  direction  that 
general  convenience  and  expedition  could  require.  What  is  called  Watling 
Street  led  from  Richborough,  in  Kent,  the  ancient  Rutupise,  north-east, 
through  London  to  Chester.  The  Ermine  Street  passed  from  London  to 
Lincoln,  thence  to  Carlisle,  and  into  Scotland.  The  Fobs  Way  is  supposed 
to  have  led  from  Bath  and  the  western  regions,  north-east,  till  it  joined  the 
£rmine  Street.  The  last  celebrated  road  was  '  Ikeneld  *  or  '  Ikneld,' 
supposed  to  have  extended  from  near  Norwich,  southward  into  Dorset* 
shire."  t 

Although  there  is  no  trace  of  Roman  influence  in  the  construction  of 
later  roads  in  Britain,  still  in  many  cases  those  made  by  them  form  the 

•  Annates  des  Fonts  et  CJia\iss4es^  1843. 
t  Pinkerton's  Geography,  vol.  i.  p.  20. 


HISTORICAL  SKETCH.  7 

foundationfl  of  existing  roads  in  different  parts  of  the  country.  Many 
traces  of  the  remains  of  Boman  Roads,  often  situated  at  a  considerable 
depth  below  the  sarrounding  ground  of  the  present  day,  have  been  dis- 
covered from  time  to  time.  One  of  the  latest  discoveries  was  disclosed 
when  carrying  out  storm-water  drainage  works  at  Rochester  in  1897,  the 
details  of  which  may  be  given. 

''  When  the  Romans  made  the  great  way  from  the  Kentish  coast  to 
the  north  of  England,  a  wooden  bridge,  built  upon  piles,  was  thrown  across 
the  Medway.  On  reaching  the  Strood  side  of  the  river  the  engineers  were 
confronted  with  a  marsh  of  about  355  yards  in  width.  This  difficulty  they 
boldly  overcame  by  constructing  upon  the  alluvial  deposit  a  magnificent 
causeway. 

*'  A  section  of  the  buried  work  showed  the  following : — (1)  Layers  of 
post-Roman  roads  for  a  depth  of  2  feet  8  inches;  (2)  paved  surface  of 
causeway,  6  inches  to  8  inches;  (3)  small  pebble  gravel,  mixed  with 
black  earth,  rammed,  9  inches;  (4)  flints,  broken  fine,  7  inches;  (5) 
rammed  chalk,  5  inches ;  (6)  flints  (white,  and  rather  large),  rough  pieces 
of  Kentish  rag,  fragments  of  Roman  tile,  3  feet  6  inches ;  (7)  marsh  mud, 
containing  numerous  oak  piles  about  4  feet  in  length,  with  pieces  of  wood 
laid  at  intervals  across  them,  or  perhape  they  were  originally  made  fast  by 
nails.  The  width  of  the  causeway  was  about  14  feet,  while  the  distance 
apart  of  the  wheels  of  the  waggons  has  been  estimated,  from  the  grooved 
wheel-track,  at  4^  feet."* 

The  construction  of  this  part  of  the  road  passing  through  Rochester 
corresponds  very  nearly  with  that  described  at  page  3,  and  designated 
eontigncda  pammenta^  being  the  method  adopted  by  the  Romans  when 
forming  roads  across  marshes  in  Italy. 

The  depth  of  the  material  forming  the  roadway,  above  the  timber 
foundation,  amounting  to  5  feet  10  inches,  appears  to  be  considerable 
greater  than  that  usually  adopted  by  the  Romans  in  similar  circum- 
stances. 

For  a  considerable  period  after  the  occupation  of  Britain  by  the 
Romans  the  roads  made  by  them  were  the  only  means  of  internal  com- 
munication, but  during  the  Dark  Ages  they  were  allowed  to  fall  out  of 
repair  and  finally  into  ruin,  and  were  in  many  instances  overrun  with 
forest  and  waste  until  they  assumed  a  condition  probably  the  worst  in 
Europe.  At  this  period  communication  between  towns  was  both  difficult 
and  dangerous ;  the  roads  which  formerly  had  such  a  beneficial  effect  on 
the  country  were  regarded  with  terror  as  aids  to  plunder,  and  in  the  year 
1285  owners  of  land  were  enjoined  to  widen  the  roads,  by  cutting  down 
trees  on  each  side  to  a  certain  width,  the  inland  commerce,  such  as  it  was, 

*  The  foregoing  description  is  abstracted  from  a  pamphlet  on  '*  Roman  Discoveries,'* 
by  G.  Payne,  F.L.S.,  F.S.A.,  reprinted  from  Archosologia  Cantiana,  1898. 
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being  maintained  principally  by  rude  paths  or  hoise-tracks,  traversed  by 
pack-horses. 

"In  very  early  periods  of  English  civilization,  while  the  population 
was  thin  and  scattered,  and  men  lived  by  hunting  and  pastoral  pursuits, 
the  track  across  the  down,  the  heath,  and  the  moor  sufficiently  answered 
their  purpose.  Yet,  even  in  these  districts  unencumbered  with  wood,  where 
the  first  settlements  were  made — as  in  the  downs  of  Wiltshire,  the  moors 
of  Devonshire,  and  the  wolds  of  Yorkshire — stone  tracks  were  laid  down 
by  the  tribes  between  one  village  and  another.  In  some  districts  they 
are  called  trackways  or  ridgeways,  being  narrow  causeways  usually 
following  the  natural  ridge  of  the  country,  and  probably  serving  in  early 
times  as  local  boundaries.  On  Dartmoor  they  are  constructed  of  stone 
blocks,  irregularly  laid  down  on  the  surface  of  the  ground,  forming  a 
rude  causeway  of  about  5  feet  or  6  feet  wide."* 

"  In  1346  a  law  was  passed  to  levy  a  toll  on  some  of  the  roads  leading 
out  of  London,  which  were  reported  to  be  impassable.  In  the  reign  of 
Henry  VIII.  (1509-1547)  laws  were  enacted  binding  the  several  parishes 
to  take  care  of  the  roads,  and  annually  to  select  qualified  persons  to 
superintend  them;  but  simple  as  are  the  principles  of  road  making, 
those  appointed  are  seldom  sufficiently  instructed  on  the  subject,  and 
being  ratepayers,  are  too  much  interested  to  allow  of  the  requisite  outlay. 
Thus  many  of  the  parish  roads  are  in  a  wretched  condition,  the  system 
adopted  by  most  parish  surveyors  being  merely  to  fill  up  the  ruts  and 
inequaHties  with  stones  picked  from  the  surface  of  the  land,  or  gravel 
dug  in  some  convenient  spot;  this  operation  repeated  in  the  spring  and 
autumn  constitutes  their  whole  duty ;  no  attention  being  paid  to  the  nature 
of  the  soil,  or  the  selection  of  the  material  that  will  bind  with  it  to  form  a 
hard  exterior  crust."  t 

No  serious  attempt  was  made,  however,  to  restore  the  highways  until 
the  introduction  of  the  turnpike  system,  after  the  restoration  of  Charles  II. 
Acts  were  passed  in  the  year  1653  for  widening  and  repairing  some  of  the 
public  roadsi  and  turnpike  gates  were  first  legally  erected  in  England  in 
1663.  The  first  relates  to  that  from  London  to  Scotland,  which  passed 
through  Hertford,  Cambridge,  and  Huntingdon,  where  toll  was  levied  on 
all  but  foot-passengers,  owing  to  the  road  becoming  very  bad  through  the 
heavy  loads  of  barley  passing  over  them  in  wagons  and  carts. 

The  roads  in  Scotland,  although  having  lighter  traffic  and  better 
materials  for  repairs,  were  said  to  be  in  an  equally  unsatisfactory  state. 
The  first  stage-coach  in  Scotland  was  run  between  Edinburgh  and  Leith 
in  1610.  In  1658  there  was  a  fortnightly  stage-coach  between  Edinburgh 
and  London,  but  it  was  afterwards  discontinued  for  many  years.     Acts 

*  Smiles'  Lives  of  thi  Ungineers. 

t  Gresy's  Eneyclopcedia  of  Civil  ^gmeering,  1847. 
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were  passed  in  the  Scottish  Parliament  of  1661,  1669,  1670,  1685,  and 
1686,  having  reference  to  the  making,  up-keep,  and  control  of  roads,  and 
many  other  Acts  of  a  local  as  well  as  general  application  were  subsequently 
passed  into  law  for  the  improvement  of  public  roads.  These  had  reference 
chiefly  to  statute  labour  roads  as  a  means  of  communication  in  the  different 
parishes. 

The  unsettled  state  of  the  country  in  the  Northern  and  Western 
Highlands  of  Scotland,  culminating  in  the  rebellion  of  1715,  brought 
about  the  necessity  for  making  roads  through  the  heart  of  these  moun- 
tainous strongholds.  The  carrying  out  of  these  was  entrusted  to 
General  Wade,  who,  between  the  years  1726  and  1737,  constructed 
about  250  miles  of  roads,  which  were  of  the  greatest  value  to  the 
country.  For  the  most  part  the  width  of  these  roads  was  16  to  18  feet,  and 
they  had  a  pitched  foundation  covered  with  small  stones  and  gravel.  Many 
exciting  scenes  were  enacted  in  close  proximity  to  them  during  the 
smuggling  days,  when  military  escorts  were  common,  and  before  highway 
robberies  were  put  down.  In  later  times,  and  before  railways  were 
introduced,  these  roader  were  much  used  for  the  transit  of  great  herds  of 
cattle  to  the  southern  markets. 

Legislation,  during  that  period,  seems  to  have  been  a  strong  point  in  con- 
nection with  road  administration,  as  appears  from  the  following : — "  It  is 
curious  to  refer  to  the  progress  made  in  turnpike  legislation,  which  may  be 
thus  stated:  from  1700  to  1710,  twelve  turnpike  Acts  were  passed;  from 
1710  to  1720,  twenty-one;  from  1720  to  1730,  seventy-one;  from  1730  to 
1740,  thirty-one;  from  1740  to  1750,  twenty-nine;  from  1750  to  1760,  one 
hundred  and  eighty-five ;  from  1760  to  1770,  one  hundred  and  seventy-five ; 
making,  up  to  this  period  (seventy  years),  five  hundred  and  thirty  Acts  of 
Parliament  which  had  received  the  royal  assent.  These  Acts  were  limited 
to  a  duration  of  twenty-one  years,  as  it  was  presumed  that  at  the  end  of  that 
period  the  tolls  imposed  would  not  be  required ;  the  clerks  of  the  several 
trusts  always  take  care,  however,  that  some  creditors  of  the  road  should 
remain  unpaid,  by  which  means  they  contrive  to  keep  the  trust  alive,  and 
prevent  their  own  office  becoming  extinct.  The  renewal  of  the  Turnpike 
Act  is  also  profitable  to  the  clerk,  and  since  1830  the  term  has  been  pro- 
longed to  thirty-one  years;  at  present  (1847)  the  trusts  in  existence  exceed 
1100."* 

With  all  this  array  of  Acts  for  the  making  and  maintaining  of  highways 
one  may  imagine  that  great  improvements  would  have  become  general; 
this,  however,  does  not  appear  to  have  been  the  case,  at  all  events  in  the 
north  of  England,  as  the  following  will  show  : — 

Mr.  Arthur  Young,  in  his  Six  Months'  Tour,  published  in  1770,  writes 
of  some  of  the  roads  in  the  north  of  England : — "  To  Wigan.    Turnpike — 
*  Cresy's  Encyclopcedia  of  Civil  Engineering,  1847. 
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I  know,  in  the  whole  range  of  language,  no  terms  sufficiently  expressive 
to  describe  this  infernal  road.  Let  me  most  seriously  caution  all  travellers 
who  may  accidentally  propose  to  travel  this  terrible  country  to  avoid  it 
as  they  would  the  devil,  for  a  thousand  to  one  they  break  their  necks  or 
their  limbs  by  overthrows  or  breakings  down.  They  will  here  meet  with 
ruts,  which  I  actually  measured  4  feet  deep,  and  floating  with  mud 
only  from  a  wet  summer;  what,  therefore,  must  it  be  after  a  winter f  The 
only  mending  it  receives  is  tumbling  some  loose  stones,  which  serve  no 
other  purpose  than  jolting  a  carriage  in  the  most  intolerable  manner.  These 
are  not  merely  opinions,  but  facts ;  for  I  actually  passed  three  carts  broken 
down  in  those  eighteen  miles  of  execrable  memory."  "To  Neioccustle. 
Turnpike — A  more  dreadful  road  cannot  be  imagined.  I  was  obliged  to 
hire  two  men  at  one  place  to  support  my  chaise  from  overturning.  Let 
me  persuade  all  travellers  to  avoid  this  terrible  country,  which  must 
either  dislocate  their  bones  with  broken  pavements,  or  bury  them  in 
muddy  sand." 

From  the  third  report  of  the  Parliamentary  Committee  on  Turn- 
pikes and  Highways,  1809,  it  appears  that  a  convexity  of  consider- 
able   elevation  was  generally  adopted  in  repairing  roads   with  a   view 


Fio.  4.--CToa8-8ection  of  English  road,  about  1809. 

to  keep  them  dry.  The  convexity,  approaching  the  form  of  a  semicircle, 
was  such  that  vehicles  kept  entirely  to  the  centre  of  the  road,  the  sides 
being  dangerous ;  deep  ruts  were  formed,  which  retained  large  quantities  of 
water  and  mud,  and  in  a  short  space  of  time  the  road  became  impassable, 
thus  defeating  the  object  for  which  it  was  constructed.  Clods,  rushes,  soil, 
and  all  other  materials,  soft  and  hard,  were  thrown  down  in  a  promiscuous 
manner  to  give  the  convexity  desired,  this  being  surmounted  with  stones 
from  old  footpaths,  with  a  small  quantity  of  gravel  raked  over  them  to  keep 
them  together. 

Fig.  4  shows  a  cross-section  of  an  English  road  in  1809,  the  dark  portion 
indicating  the  state  of  the  road  previous  to  being  repaired  as  described 
above;  the  light  shaded  portion  represents  the  appearance  of  the  road 
after  the  repairs  were  carried  out,  and  previous  to  the  inspection  by  two 
magistrates  on  their  way  to  the  quarter  sessions,  who  certified  "  that  it  was 
peHectly  smooth  when  they  saw  it,  and  that  a  vast  deal  had  been  done 
since  the  last  time  they  were  there." 

Great  opposition  was  encountered  as  the  extension  of  the  turnpike 
system  became  general.     Armed  bodies  of  men  assembled  with  the  object 
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of  destroying  the  turnpikes  and  burning  down  the  toll-house&  So  great 
was  the  contempt  of  the  people  for  the  new  order  of  things,  that  in  some  dis- 
tricts they  would  not  even  use  the  new  roads  after  they  were  constructed. 
The  counties  in  which  the  greatest  disaffection  manifested  itself  were  York- 
shire, Somersetshire,  Gloucestershire,  and  many  of  the  counties  in  Wales. 

The  carrying  of  the  mails  by  stage-coaches  and  the  ever  increasing  exchange 
of  different  commodities  about  the  beginning  of  the  present  century,  exercised 
the  public  mind  as  to  the  importance  of  having  main  roads  constructed 
between  distant  centres  of  population  and  the  coast.  Enormous  sums  of 
money  were  spent  in  road  construction  between  the  years  1780  and  1830, 
during  which  time  most  of  the  turnpike  roads  in  Scotland  were  made. 
They  were  for  the  most  part  well  laid  out  and  constructed,  material  of  a 
suitable  nature  being  abundant  in  most  counties.  The  road  proper,  ex- 
clusive of  the  ditches  and  fences,  had  a  minimum  width  of  20  feet,  while 
many  were  made  from  35  feet  to  40  feet  wide. 

The  intermittent  and  unsatisfactory  manner  in  which  road  repairs  were 
carried  out  in  this  country  up  to  about  the  beginning  of  the  present  century 
appears  to  have  been  intolerable,  and  no  real  improvement  was  effected 
(although  Metcalf  made  many  new  roads  successfully)  till  the  advent  of 
Macadam  and  Telford.  These  two  latter  road-makers  were  contempo- 
raneous and  in  some  respects  advocates  of  rival  systems,  and  may  be  looked 
upon  as  the  pioneers  of  good  road  construction.  The  methods  adopted  in 
effecting  improvements  and  repairs  were  based  on  scientific  principles,  and 
the  building  of  many  bridges,  where  fords  and  ferries  formerly  existed,  estab- 
lished a  better  means  of  communication  between  different  parts  of  the  country. 

Metcalf. — John  Metcalf  was  born  at  Knaresborough  in  1717,  and  had 
the  misfortune  to  lose  his  sight  through  illness,  when  about  twenty*five 
years  of  age.  After  being  successively  a  fiddler,  soldier,  horse-dealer,  and 
carrier,  he  seems  to  have  undertaken  in  1765  a  sub-contract  for  constructing 
a  portion  of  the  new  road  between  Boroughbridge  and  Harrogate,  extending 
to  3  miles,  a  trusty  foreman  carrying  out  his  plans.  As  a  road-maker  his 
operations  extended  to  Lancashire,  Cheshire,  Yorkshire,  and  Derbyshire,  in 
which  counties  he  constructed  about  180  miles,  involving  in  some  instances 
the  erection  of  many  bridges,  the  building  of  retaining  walls  and  culverts, 
and  crossing  difficult  bogs  in  a  successful  manner.  Metcalf  died  in  1810  at 
the  age  of  ninety-two. 

Macadam. — John  Loudon  Macadam  was  bom  at  Ayr,  in  Scotland,  in 
1756,  and  educated  at  the  parish  school  of  May  bole.  He  passed  his  youth 
in  the  United  States  of  America,  but  returned  to  Scotland  at  the  close  of  the 
War  of  Independence  (1783).  Immediately  thereafter  he  acted  as  a  road 
trustee,  was  appointed  manager  of  a  district  in  Ayrshire,*  and  originated 
and  successfully  practised  for  many  years  the  system  of  road  making  and 
*  Chambers's  Sticyclopcgdia. 
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repairing  now  known  by  his  name.  He  held  a  goyemment  appointment 
from  1796,  and  resided  in  Falmouth  and  afterwards  in  Bristol,  when,  in 
1815,  he  was  appointed  surveyor  of  roads  in  the  latter  town.  It  was  in 
Bristol,  where  the  roads  extended  to  178  miles,  that  he  had  full  scope  for 
putting  into  practice  the  great  improvements  in  road  making  which  had 
occupied  his  thoughts,  and  which  he  had  successfully  carried  out  when  in 
charge  of  the  Ayrshire  roads  many  years  previously.  This  was  "to  put 
broken  stone  upon  a  road,  which  shall  unite  by  its  own  angles  so  as  to  form 
a  solid  hard  surface."  "It  follows,"  he  adds,  "that  when  that  material  is 
laid  upon  the  road  it  must  remain  in  the  situation  in  which  it  is  placed 
without  ever  being  moved  again,  and  what  I  find  fault  with  in  putting 
quantities  of  gravel  on  the  road  is  that,  before  it  becomes  useful  it  must 
move  its  situation  and  be  in  constant  motion."  *  The  distinctive  novelty 
of  Macadam's  system,  the  value  of  which  has  been  established  by  universal 
experience,  was  to  substitute  small  angular  stones,  prepared  from  larger 
pieces,  for  the  large  rounded  stones  then  generally  made  use  of  in  road 
repairs. 

Macadam's  system  of  construction  was  simply  to  spread  broken  stones, 
2  inches  in  diameter,  equally,  so  as  to  form  a  layer  about  10  inches  thick 
over  the  road  surface,  after  it  has  been  levelled  and  properly  drained 
where  necessary.  The  convexity  given  was  just  sufficient  to  cause  the  rain- 
water to  run  readily  ofif  the  surface  into  the  side  channels. 

Macadam  found  the  roads  in  the  Bristol  district  loaded  with  material  of 
large  and  irregular  size,  to  the  extent  of  from  2  to  3  feet  in  thickness*  This 
great  amount  of  rough  material  (limestone)  he  utilized  by  lifting  or  excavat- 
ing the  whole  mass,  separating  it  from  the  mud,  and  breaking  the  stones  to  a 
uniform  size  of  6  oz.  in  weight.  The  formation  of  the  road  was  then 
properly  levelled,  and  drainage  introduced  where  necessary,  the  metal  pre- 
pared from  the  rough  material  being  carefully  relaid,  and  regularly  raked 
during  the  process  of  consolidation  by  the  carriages  passing  over  it.  The 
surface  of  the  roads  was  kept  even  and  clean  by  the  addition  of  proper  fresh 
materials,  when  necessary,  distributed  equally  in  thin  layers  immediately 
after  rain,  in  order  that  the  new  materials  might  bind  and  incorporate 
properly  with  the  old.  Macadam  strongly  condemned  the  use  of  binding 
material  for  filling  up  the  interstices  in  the  metal,  which  he  left  to  work  in 
and  unite  by  its  own  angles  by  means  of  the  traffic.  He  says  "  that  every 
road  is  to  be  made  of  broken  stones,  without  mixture  of  earth,  clay,  chalk, 
or  any  other  matter  that  will  imbibe  water  and  be  afifected  by  frost." 

When  reconstructing  or  repairing  a  road.  Macadam  endeavoured  to  have 
the  whole  of  the  material  composing  it  higher  than  the  surface  of  the  adja- 
cent ground,  so  as  to  give  every  facility  for  the  water  to  escape  from  the 
bottom  as  well  as  from  the  surface  of  the  road.  The  size  of  metal  adopted 
*  Report  ofihA  Select  CommiUee  on  the  Highways  of  Uve  Kingdom,  1819,  p.  22. 
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by  Macadam  was  that  of  a  cube  of  1^  inch;  he  preferred,  however,  to 
specify  the  weight  of  the  stone,  and  insisted  that  it  should  not  weigh  more 
than  6  oz. 

His  system  of  maintaining  the  surface  of  a  road  was  found  so  beneficial 
that  he  was  engaged  as  general  surveyor  by  many  of  the  road  trusts  in 
England  and  Scotland.  By  his  business-like  and  extended  views  on  road 
admimstration,  he  not  only  reduced  the  debt  and  placed  the  finances  of  the 
many  trusts  on  a  sound  basis,  but  established  for  himself  a  world-wide 
reputation. 

In  1824  the  Road  Trustees  of  the  Garse  of  Gk)wrie  Turnpike  Eoad 
(Perthshire),  between  Perth  and  Dundee,  consulted  Macadam  as  to  the 
repairs  on  this  highway,  which  was  gradually  falling  into  a  state  of  such 
great  deterioration  that  travelling  over  it  was  disagreeable,  while  the  Trus- 
tees had  been  threatened  with  a  prosecution  at  the  instance  of  the  Post- 
master-General on  account  of  the  delay  occasioned  to  the  mail  coaches. 
The  Trustees  considered  the  annual  expenditure  for  the  maintenance  of 
this  road  beyond  what  they  deemed  necessary  under  the  circumstances. 
From  the  correspondence  which  took  place  between  the  Eoad  Trustees  and 
Macadam,  it  would  appear  that  the  prevailing  practice  in  Scotland  and 
many  districts  in  England,  when  forming  new  roads,  was  to  excavate  a 
trench  or  metal  box  in  which  the  stones  were  placed;  in  other  words, 
the  material  was  deposited  below  the  natural  surface  of  the  ground,  so 
that  a  mound  of  earth  was  raised  on  either  side  of  the  metal  bed.  The 
subsoil  in  this  part  of  the  country  through  which  the  turnpike  road 
passed  being  of  retentive  clay,  Macadam  decided  to  lift  the  existing  road^ 
and  thoroughly  drain  the  road  bed.  He  also  found  it  necessary  to  break 
the  large  stones,  some  of  which  were  9  inches  in  diameter,  to  a  regular  size, 
and  relay  the  metalling  carefully,  any  deficiency  in  quantity  being  made  good 
with  a  supply  of  fresh  materials.  The  result  of  these  improvements  was 
a  thoroughly  serviceable  road,  and  the  expressions  of  gratitude  conveyed  to 
Macadam  by  the  Garse  of  Gowrie  Boad  Trustees  is  a  clear  proof  of  the  great 
benefit  arising  from  the  system  adopted  in  repairing  their  roads ;  the  saving 
effected  in  the  maintenance  placed  the  funds  of  the  Trust  in  a  sound 
financial  position.  It  may  be  interesting  to  note  that,  at  the  time  when 
Macadam  was  engaged  by  so  many  road  trusts,  he  had  a  staff  of  300 
sub-surveyors  under  his  charge.  In  1827  he  acted  as  General  Manager 
of  the  Metropolitan  Boads.  The  system  advocated  by  Macadam  was  so 
popular  at  one  time  that  expensively  paved  streets,  such  as  that  between 
Edinburgh  and  Leith,  were  torn  up  to  be  remade  by  the  new  process.  On 
streets  haying  an  excessively  heavy  traffic.  Macadam's  system  of  construction 
has  no  place,  and  Dublin  is  instanced  as  a  failure  of  his  method  of  road 
repairs. 

It  is  said  that  Macadam  was  anticipated  in  his  system  of  a  regularly 
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broken  stone  coyering  by  Mr.  Edgeworth,  an  Irish  proprietor,  whose 
system  was  advocated  in  An  Essay  on  the  Gomtrtidum  of  Roads  and 
Carnages,  a  second  edition  of  which  was  published  in  1817.  An  article 
which  appeared  in  the  Westminsier  Review  in  1825  states  that  "  The  name 
of  Mr.  Macadam  deserves  a  few  remarks  for  other  reasons  than  its  present 
popularity.  The  public  naturally  took  to  him  as  a  sort  of  magician,  and  his 
invention,  as  it  is  thought,  as  something  preternatural." 

"  If  his  own  name  had  not  been  macadamizable  into  a  verb,  it  is  probable 
that  his  roads  would  have  been  little  known.  He  did  not  invent  the 
method  in  question  of  breaking  stones,  because  it  had  long  been  the 
practice  of  Sweden,  Switzerland,  and  other  countries,  and  was  long  known 
to  every  observing  traveller."  * 

In  view  of  what  has  been  stated,  it  seems  curious  that  the  road  engineers 
in  France,  where  the  highways  were  considered,  at  the  beginning  of  this  cen- 
tury, to  be  superior  to  any  in  Europe,  should  not  have  adopted  the  system 
which  it  is  said  prevailed  in  the  countries  mentioned,  in  preference  to 
Macadam's  method,  which  was  practised  between  1820  and  1830  and 
•officially  adopted  in  that  country  at  the  latter  date. 

It  may  be  further  mentioned  that  the  system  promulgated  by  Macadam 
was  practised  by  him  in  Ayishire  at  least  thirty  years  previous  to  the  appear- 
ance of  Edgeworth's  essay  or  the  article  referred  to  in  the  Westminister 
Review. 

It  is  considered  by  all  impartial  observers  that  Macadam  was  the 
pioneer  of  good  road  construction  and  administration,  and  by  his  practical 
abilities  was  entitled  to  the  reputation  of  a  public  benefactor.  He  died 
at  Moffat  in  1836  at  the  age  of  80  years. 

Telford. — Thomas  Telford  was  born  in  the  district  of  Eskdale,  in  the 
<;ounty  of  Dumfries,  on  the  9th  of  August  1757,  and  obtained  the 
rudiments  of  his  education  in  the  parish  school  of  Westerkirk.  Learning 
the  trade  of  a  mason,  he  subsequently  studied  architecture  in  Edinburgh, 
and  latterly  in  London,  and  being  a  man  of  ability  he  soon  established 
himself  as  a  leading  engineer. 

Bridge  building  was  his  great  forte,  but  he  carried  out  many  other 
engineering  works,  particularly  that  of  laying  out  and  constructing  new 
roads  in  all  parts  of  the  kingdom.  He  held  the  appointment  of  Surveyor  of 
Public  Works  in  Shropshire  subsequent  to  the  year  1787,  and  in  that 
capacity  he  erected  many  fine  bridges  over  the  Severn. 

His  first  undertaking  as  a  road-maker  on  an  extensive  scale  was  in  the 
Highlands  of  Scotland,  whither  he  was  sent  by  the  Government  in  1802  to 
report  as  to  the  best  means  of  developing  the  resources  of  the  country. 

•  The  Westminster  lUvieWf  vol.  iv.  (July,  October)  p.  854.  **  The  Commercial 
Power  of  Britain."  By  the  Baron  Dupui,  etc.  Trauelated  from  the  French.  C.  Knight, 
London,  1826. 
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He  advised  the  opening  out  of  the  country  by  a  complete  Bystem  of  roads,  so  as 
to  bring  the  interior  parts  into  communication  with  the  towns  and  the  coast. 

Under  his  direction,  and  by  the  aid  of  Parliamentary  grants,  amounting 
to  £450,000,  roads  extending  to  920  miles  were  laid  out  and  constructed, 
and  owing  to  the  hilly  and  rugged  nature  of  the  country,  works  of  con- 
siderable magnitude  had  to  be  undertaken,  including  1117  bridges.  This 
work  was  carried  out  in  the  course  of  eighteen  years,  under  120  con- 
tracts, and  without  recourse  being  had  to  a  court  of  law  in  any  one  instance. 

The  following  specification,  drawn  up  by  Telford  and  referring  to  the 
construction  of  the  Highland  Eoads,  is  given  in  detail,  having  a  peculiar 
interest,  especially  at  the  present  time,  in  so  far  as  it  refers  to  one  of  the 
largest  pieces  of  road  making  undertaken  at  any  time  in  this  country. 

Gbnbbal  Spbgifioation  for  thb  Highland  Koads. 

''The  road  to  be  formed  to  the  full  breadth  of  20  feet  in  the  clear, 
including  the  side  drain  and  green  margin,  except  on  places  where  there 
is  an  absolute  necessity  for  cutting  the  whole  breadth  of  the  road  in  solid 
rock  J  and  in  those  places  the  breadth  of  the  road  shall  be  18  in  the 
clear,  between  the  parapets  which  may  be  necessary  for  a  safeguard,  and 
those  parapets  are  to  be  2  feet  in  thickness  at  the  bottom,  so  that  in  rock 
the  cutting  will  be  20  feet  in  breadth,  and  in  all  cases  the  road  is  to  be  so 
laid  out,  that  there  shall  be  no  quick  bendings,  nor  its  upper  side  interrupted 
by  points  of  rock. 

"  On  dry  bottomed  ground,  gravel  of  a  proper  quality,  out  of  which  all 
stones,  above  the  size  of  a  hen's  egg,  shall  have  been  previously  taken,  shall 
be  laid  to  a  depth  of  14  inches  in  the  middle,  and  9  inches  at  the  sides; 
but  the  stones  which  are  taken  out  of  the  gravel,  and  do  not  exceed  4 
inches  in  size,  may  be  laid  for  that  thickness  below  the  gravel,  and  in  that 
case  10  inches  only  of  cleansed  gravel  will  be  required. 

"  On  mossy  ground  or  swampy  soils,  if  the  moss  or  soft  matter  is  not 
more  than  2  feet  in  thickness,  and  a  hard  bottom  below  this  moss  or  soft 
matter,  it  is  to  be  wholly  removed,  and  the  road  formed  on  the  harder 
substance  as  above  described ;  but  when  the  moss  or  soft  matter  is  more 
than  2  feet  in  depth,  the  contractors  are  to  have  their  option  of  either 
removing  it,  or  forming  the  road  upon  the  top  of  it  in  the  following 
manner. 

"  Where  the  surface  is  level,  and  covered  with  sound  sward  or  heath, 
there  must  be  laid  two  rows  of  swarded  turf,  with  the  swarded  side  of  the 
one  downwards  and  of  the  other,  which  is  to  receive  the  gravel,  upwards; 
or  otherwise,  where  turf  cannot  be  readily  procured,  the  surface  of  the  moss 
or  soft  matter  may  be  covered  with  a  layer  of  brushwood  or  heath,  which, 
when  compressed,  shall  not  be  less  than  6  inches  in  thickness ;  upon  the 
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surface  so  compressed  and  prepared,  there  shall  be  laid  gravel,  cleaned  as 
before  described,  to  the  thickness  of  18  inches  in  the  middle  and  13  inches 
at  the  sides. 

"  In  all  cases,  whatever  be  the  nature  of  the  soil,  the  road  is  on  all  the 
flat  ground  to  be  brought  to  a  perfect  level  from  side  to  side,  before  the 
gravel  is  laid  on ;  but  in  all  cases  where  the  road  is  to  be  raised  on  the  one 
side  by  moved  ground,  while  the  upper  side  is  on  the  natural  ground,  the  lower 
side  of  the  road,  when  finished,  is  to  be  from  4  to  6  inches  higher  than  the 
upper  side,  in  proportion  to  the  quantity  of  moved  ground  on  the  lower  side. 

"  In  side  cuttings  in  steep  bulks,  even  if  there  is  no  moved  ground  on 
the  lower  side,  still  the  lower  surface  of  the  finished  road  is  to  be  on  at 
least  4  inches  higher  level  than  the  upper  side.  Where  the  ground  is  level 
or  flat,  the  road  is  to  be  gravelled  to  18  feet  in  width,  and  to  have  a  border 
of  green  turf  on  each  side,  1  foot  in  width. 

"  When  the  road  is  formed  on  a  sloping  bank,  where  no  parapets  are 
necessary,  there  is  to  be  a  border  of  green  turf  on  the  lower  side  of  the  road, 
1  foot  in  breadth  in  the  clear. 

"  The  drains  are  to  be  formed  perfectly  regular,  and  so  as  the  course 
of  the  water  shall  not  be  interrupted  by  points  of  rocks  or  sudden  turnings  ; 
and  where  the  soil  is  soft  and  loose,  these  drains  on  the  upper  side  of  the 
road  are  to  be  paved  with  small  stones,  not  less  than  4  inches  in  depth. 
These  pavements  are  to  be  made  at  the  places  pointed  out  by  the  inspector ; 
they  are  to  be  carried  to  the  extent,  and  made  in  the  shape,  he  shall  direct. 

"  Where  the  parapets  are  necessary,  the  road  is  to  be  gravelled  to  the 
breadth  of  18  feet  as  before  described.  And  also  the  said  contractors  bind 
themselves  and  their  foresaids  to  make  in  a  sufficient  manner  all  back 
drains,  of  such  dimensions,  and  in  such  directions,  as  shall  be  necessary 
for  effectually  collecting  and  conducting  the  water  in  a  proper  manner  from 
the  higher  grounds  to  the  nearest  bridges  or  covered  drains,  especially 
where  the  road  is  formed  along  steep  and  sloping  banks,  and  the  ground  is 
wet  and  swampy,  and  that  at  the  places  which  shall  be  pointed  out  by  the 
said  surveyor,  so  that  the  road  shall  always  be  kept  free  from  water. 

"  Where  the  road  is  to  be  formed  upon  level  ground,  and  particularly 
where  it  is  mossy  and  swampy,  side  drains  are  to  be  made  of  sufficient  depth 
to  drain  the  ground,  and  in  all  cases  quite  sufficient  to  carry  off  the  water. 
These  side  drains  to  be  made  with  a  slope  from  the  road  to  within  1  foot 
of  the  further  side  of  the  drain,  so  that  if  the  depth  at  the  further  side  be 
30  inches,  the  width  at  top  shall  be  6  feet,  and  so  more  or  less  in  proportion 
to  the  depth,  and  which  side  drains  shall  be  made  at  the  places  approved 
of  by  the  surveyors :  and  also  to  make  covered  drains  of  dry  stones  at  all 
places  where  necessary ;  the  inside  walls  of  these  drains  are  not  to  be  less 
than  2  feet  in  thickness,  and  the  stones  for  that  length  to  be  laid  regular  r 
these  covered  drains  shall  in  no  instance  (without  particular  directions  in 
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writing  from  the  principal  engineer  employed  by  the  Commissioners)  be 
less  than  2  feet  square ;  they  are  to  be  properly  secured  in  the  bottom  by 
paving  with  stones  set  on  edge ;  the  pavement  as  well  as  the  sides  are  to  be 
secured  at  both  ends  of  the  drains  by  stone  work,  so  that  it  shall  appear 
evident  there  is  no  risk  that  they  shall  be  injured  by  the  water,  where  it 
enters  into  or  issues  from  the  drain.  The  stones  with  which  the  2  feet 
drains  are  covered  are  to  be  not  less  than  3  feet  in  length  and  4  inches  in 
thickness,  and  laid  so  close  together  on  stones  of  equal  length  overlapping 
each  joint,  as  shall  effectually  prevent  the  gravel  from  passing  down  into 
the  drain,  and  leaving  a  hole  in  the  road.  But  in  case  it  shall  be  discovered 
during  the  execution  of  the  road  that,  instead  of  some  of  the  2  feet,  the 
road  may  be  better  protected  by  making  a  greater  number  of  drains  of 
smaller  dimensions,  the  contractors,  upon  receiving  instructions  in  writing 
from  the  principal  engineer,  shall  execute  them  in  such  a  manner,  and 
counting  two  drains  of  18  inches,  or' three  drains  of  12  inches,  in  lieu  of 
one  drain  2  feet  square,  and  in  case  of  drains  of  18  inches  being  made, 
the  stones  of  the  covers  shall  not  be  less  than  30  inches  in  length;  if 
12  inches,  the  covers  to  be  2  feet  in  length ;  and  in  order  to  secure  the 
due  execution  of  the  said  covered  drains,  it  is  expressly  declared  that  the 
same  shall  be  subjected  to  the  inspection  and  approval  of  the  resident 
surveyor  before  the  covers  are  laid  on,  that  he  may  be  satisfied  that 
the  bottoms  are  properly  paved,  and  the  sides  are  built  in  a  sufficient 
manner;  and  after  the  said  drains  are  covered,  the  backs  of  the  build- 
ings are  to  be  made  up  with  stones  to  the  level  of  the  upper  beds  of 
the  covers,  and  the  said  drains  shall  be  constructed  so  that  they  shall 
have  a  sufficient  covering  of  gravel,  not  exceeding  12  inches,  to  the 
satisfaction  of  the  surveyor,  without  causing  any  swell  on  the  road.  And 
also  the  said  contractors  bind  and  oblige  themselves^  and  their  foresaids,  to 
build  and  erect  breastworks  of  stone  at  all  places  where  necessary  on  the 
lower  side  of  the  road,  along  the  side  of  water-courses,  or  on  sloping  banks, 
or  on  rocks ;  the  foundation  of  the  said  breastwork  must  be  cut  into  the 
rock  or  solid  ground  for  the  whole  breadth  of  the  base  of  the  wall  or  breast- 
work which  is  to  be  placed  on  it,  as  hereafter  described,  and  its  direction 
is  to  be  dipping  into  the  hill  at  a  right  angle  with  the  slope  of  the  face  of 
the  breastwork.  If  it  shall  be  necessary  to  make  the  breastwork  3  feet  in 
height,  from  the  foundation  to  the  level  of  the  lower  side  of  the  road, 
the  breadth  of  the  foundation  shall  be  24  inches,  and  18  inches  at  the 
top,  or  level  of  the  lower  side  of  the  road.  If  the  height  is  4  feet, 
the  breadth  of  the  foundation  is  to  be  30  inches,  and  at  the  top  24 
inches.  If  the  height  is  6  feet,  the  breadth  at  the  foundation  is  to 
be  3  feet,  and  2  feet  at  the  top.  If  the  height  is  8  feet,  the  breadth 
of  the  foundation  is  to  be  4  feet,  and  at  the  top  2  feet,  and  so  on  in 
proportion  to  any  greater  or  lesser  height.     In  forming  these  breastworks, 
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the  stones  are  to  be  laid  in  regular  manner,  quite  through  the  thickness  here 
described ;  the  slope  which  is  necessary  to  bring  the  wall  to  its  thickness 
at  the  top  is  all  to  be  taken  off  the  outside,  and  the  stones  are  to  be  laid 
mostly  lengthwise  into  the  wall ;  the  space  behind  the  breastwork  and  natural 
ground,  up  to  the  level  of  the  top  of  the  formed  roadway,  is  to  be  filled  up 
with  coarse  gravel  or  stones  (neither  sand,  sods,  nor  moss  to  be  used),  and  if 
with  stones  they  are  to  be  covered  and  brought  to  the  levels  formerly  described, 
with  a  layer  of  strong  swarded  turf,  before  the  cleansed  gravel  is  laid  on. 

"  At  all  times,  when  the  nature  of  the  cutting  makes  it  possible,  the 
resident  overseer  shall  have  an  opportunity  of  examining  the  breastwork 
when  completed,  before  the  inner  side  shall  be  filled  up  with  stones  or 
gravel  as  aforesaid ;  and  also,  where  it  shall  be  necessary  for  the  due  execu- 
tion of  the  said  road,  .to  erect  parapet  walls  above  breastworks,  or  upon 
rock,  they  are  to  be  built  with  stones  laid  in  good  lime  mortar,  agreeably  to 
the  ground  report. 

"These  parapets  are  to  be  2  feet  wide  at  the  foundation,  and  18  inches 
at  the  top.  The  height  above  the  finished  roadway  is  to  be  2  feet  9  inches, 
including  a  coping  of  stones  9  inches  deep.  These  coping  stones  are  to  be 
chosen  so  as  to  meet  one  another  in  close  regular  beds  or  upright  joints,  to 
be  firmly  wedged  together,  and  pointed  with  lime  mortar. 

"  At  each  extremity  of  the  parapets  the  copings  are  to  be  well  secured 
with  the  ends  turned  down  under  the  roadway,  and  also  where  it  shall  be 
necessary  in  forming  the  road,  to  cut  and  remove  earth  from  the  higher  side, 
to  the  depth  of  2  feet  -or  more,  the  road  must  be  formed  21  feet  6  inches 
wide,  and,  to  prevent  the  earth  from  falling  into  the  drain  on  the  upper  side 
of  the  road,  a  wall  of  dry  stones  must  be  erected  of  a  height  according  to 
the  depth  of  the  cut.  The  foundation  of  these  retaining  walls  is  to  be  laid 
in  all  cases  6  inches  below  the  bottom  of  the  drain,  on  the  upper  side  of  the 
road  :  there  the  thickness  is  to  be  from  15  to  18  inches  to  the  height  of 
4  feet;  above  that  height,  they  are  to  be  one-third  of  the  thickness.  The 
stones  with  which  they  are  to  be  constructed  are  to  be  laid  in  a  regular 
and  workmanlike  manner  for  the  whole  thickness  of  the  wall :  they  are  to 
be  carried  to  such  a  height,  that  the  slope  from  them  to  the  solid  ground  of 
the  bank  above  is  not  to  be  less  than  two  horizontal  to  one  perpendicular, 
and  that  slope  to  be  covered  with  turf  laid  flat. 

"  And  further,  the  contractors  are  to  be  bound  to  cut  down  all  heights, 
fill  up  all  hollows,  and  blast  all  rocks  upon  the  said  line  of  roads,  as 
pointed  out  by  the  said  reports,  and  which  shall  be  requisite  and  necessary 
for  the  same  :  and  further,  the  said  line  of  road  shall  be  formed  and  pre- 
pare^kJAr  the  gravel  for  one  mile  at  least  per  advance  to  the  satisfaction  of 
the  surveyor  employed  by  the  said  commissioners  before  any  of  the  cleansed 
gravel  is  laid  on."  * 

*  Cresy's  Encyclopcedia  of  Civil  Engineering^  1847. 
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Where  the  ground  on  which  the  road  materials  were  to  be  spread  was 
of  a  soft  nature,  a  concrete  foundation  composed  of  lime  and  gravel  or  hard 
stone,  and  varying  in  thickness  from  6  inches  to  12  inches,  was  spread  over 
the  entire  surface,  and  broken  stones  laid  on  before  the  concrete  became  set, 
so  that  it  might  bed  itself  and  become  firmly  united  with  it. 

Telford,  in  1816,  directed  the  works  in  connection  with  the  improving 
of  the  road  between  Glasgow  and  Carlisle,  the  old  road  having  become  impass- 
able. The  improvement  and  reconstruction  of  this  road  were  undertaken  as  a 
work  of  national  importance,  and  £50,000  were  granted  by  Parliament  with 
this  object.  The  method  of  constructing  this  road  differed  materially  from 
those  carried  out  in  the  Highlands,  as  it  was  necessary  to  provide  for  the 
transit  of  the  mail  and  heavy  coaches,  the  gradients  being  made  easy, 
not  exceeding  1  in  30.  The  old  road  was  in  length  102  miles;  the 
existing  one  is  not  more  than  93,  and  in  order  to  gain  this  nine  miles  it 
was  necessary  to  reconstruct  69  miles  entirely,  and  to  build  fifteen  new 
bridges,  excluding  which  the  cost  of  the  road  making  was  about  £1000  per 
mile.  It  was  specified  "  that  the  breadth  was  to  be  34  feet  between  the 
fences,  18  of  which  were  to  be  metalled,  and  the  remaining  8  feet  on 
each  side  to  be  covered  with  gravel.  In  all  embankments  the  width  on 
the  top  to  be  30  feet,  and  the  side  slopes  1^  horizontal  to  1  perpendicular; 
in  all  cuttings  above  5  feet  the  width  between  the  lower  skirts  of  the 
slopes  30  feet,  all  below  that  depth  to  be  34  feet.  The  slopes  of  all  the 
cuttings  to  be  at  the  same  rates  as  the  embankments. 

"  The  surface  of  the  road  longitudinally,  or  lengthwise,  in  all  cases  where 
there  were  cuttings  and  embankments,  to  be  formed  as  shown,  and  in  no 
instances  the  ascents  or  descents  to  exceed  1  in  30,  and  the  changes  from  one 
to  the  other  to  be  made  in  regular  curves,  to  the  satisfaction  of  the  inspector. 

"Where  there  were  side  cuttings,  and  a  part  of  the  road  made  on 
moved  ground,  the  surface  of  the  lower  part  or  moved  ground  to  be  higher 
than  that  of  the  upper  side  to  allow  for  consolidation,  so  that  when  finished 
it  might  have  the  proper  level.  In  the  middle  of  the  road  a  metal  bed  to  be 
formed,  and  in  all  cases  where  the  ground  was  nearly  level,  the  metal  to  be 
laid  upon  the  natural  surface  of  the  ground,  so  as  to  have  a  curvature  of 
4  inches,  in  the  middle  18  feet,  and  the  sides  or  shouldering  to  be  made 
with  moved  ground,  but  on  no  account  is  the  metal  bed  to  be  cut  out  of 
the  natural  ground,  unless  that  be  loose  gravel  or  rock. 

"  The  metalling  to  consist  of  two  beds  or  layers,  viz.,  a  bottom  course  of 
stones,  each  7  inches  in  depth,  to  be  carefully  set  by  hand,  with  broadest 
end  downwards,  all  cross  bonded  or  jointed,  and  no  stone  to  be  more  than 
3  inches  wide  on  the  top.  These  stones  to  be  either  good  whinstone,  lime- 
stone, or  hard  freestone ;  the  vacuities  between  to  be  carefully  filled  with 
smaller  stones  packed  by  hand,  so  as  to  bring  the  whole  to  an  even  and 
firm  surface. 
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"  The  top  course  or  bed  to  be  7  inches  in  depth,  to  consist  of  properly 
broken  stones,  none  to  exceed  6  ounces  in  weight,  and  each  to  pass  through 
a  circular  ring  2^  inches  in  diameter  in  their  largest  dimension.  These  to  be 
of  hard  whinstone,  the  quality  of  both  bottom  and  top  metal  to  be  determined 
by  the  inspector.  In  every  100  yards  in  length  on  each  side  of  the  road, 
upon  an  average,  there  was  to  be  a  small  drain  from  the  bed  of  the  bottom 
layer  to  the  outside  ditch,  as  directed  by  the  inspector.  When  the  height 
of  the  embankments  exceeded  3  feet,  they  were  to  stand  from  one  to  three 
months,  in  proportion  as  they  increased  in  depth,  as  determined  by  the  in- 
spector. Over  the  upper  bed  or  course  of  metal  to  be  a  binding  of  gravel  of  1 
inch  in  thickness  upon  an  average ;  the  cross-section  of  the  finished  roadway 
to  have  a  curvature  of  6  inches ;  in  the  middle  18  feet,  and  from  that  on  each 
side  a  declivity  at  the  rate  of  half  an  inch  in  a  foot,  to  within  18  inches  of  the 
fences;  the  remaining  space  of  18  inches  to  have  a  curvature  of  3  inches, 
making  in  all  about  9  inches  on  each  side  below  the  finished  roadway. 

"  In  passing  morassy  ground  all  the  surface  upon  which  the  road  is  to  be 
placed,  viz.,  between  the  fences,  to  be  brought  to  a  curvature  of  12  inches 
in  the  middle,  and  to  be  secured  with  two  rows  of  good  swarded  turf,  the 
lower  end  to  be  laid  with  the  swarded  side  downwards,  and  the  upper  one 
with  it  upwards.  The  metalling  upon  the  said  mossy  ground  to  be  made 
20  feet  in  width ;  a  drain  to  be  cut  alongside  of  the  road,  4  feet  wide  at  the 
top,  18  inches  at  the  bottom,  and  3  feet  deep. 

"  Cross  Drains, — Nine  to  be  made  in  every  mile  in  length,  placed  in 
situations  marked  out  by  the  inspectors;  18  inches  wide,  16  inches  high  at 
the  upper  end,  and  22  inches  high  at  the  lower  end ;  their  bottoms  to  be 
paved  with  flat  or  small  pebble  stones,  4  inches  in  depth.  The  foundations 
of  the  side  walls  to  be  laid  at  least  6  inches  below  the  level  of  the  bottom 
of  the  drain,  and  these  not  to  be  less  than  18  inches  in  thickness,  laid  in 
regular  courses,  faced  on  both  sides  in  the  manner  of  a  good  stone  dyke. 
The  top  of  each  to  be  properly  levelled,  and  covered  with  a  firm  turf  2 
inches  in  thickness  to  form  a  bed  for  the  covers.  The  covers  to  be  2  feet 
6  inches  in  length  and  4  inches  in  thickness ;  their  side  joints  to  be  made 
straight,  so  as  to  unite  closely,  the  parts  which  lie  on  the  turf  to  be  flat. 

"  These  drains  must  be  of  a  length  not  only  to  cross  the  road,  but  the 
fences  on  each  side,  also  the  slopes  of  the  embankments,  and  pass  fairly 
into  the  fields  or  natural  water-courses ;  from  the  ends  of  the  drain,  wing 
walls  to  be  extended  5  feet  in  a  curved  direction  into  the  solid  groimd, 
these  to  be  of  the  same  thickness  as  the  side  walls,  founded  at  the  same 
depth,  and  carried  to  the  same  height,  and  coped  with  two  rows  of  swarded 
turf.  The  bottom  between  the  wing  walls  to  be  paved  with  stones  not  less 
than  6  inches  in  depth,  and  well  secured  at  the  extremities  by  stones  12 
inches  in  depth,  and  these  to  be  well  secured  at  the  upper  ends,  and  con- 
nected with  the  firm  ground  and  side  drains.     The  whole  body  of  the  drain 
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to  be  of  such  a  depth  as  to  admit  of  a  turf  being  laid  oyer  the  covers,  and 
the  full  quantity  of  road  metal  and  binding,  without  raising  the  longitudinal 
line  of  road.  At  each  end  of  the  cross  drains,  the  water  which  passes  along 
the  side  of  the  road  to  be  introduced  by  a  proper  opening,  protected  by  a 
stone  coyer ;  this  entrance  to  be  payed  at  least  5  feet  in  length.  In  passing 
through  morassy  ground,  the  bottom  of  the  drains  to  be  laid  with  flat 
stones  quite  across,  and  at  least  12  inches  under  each  side  wall,  to  be  con- 
tinued quite  to  the  extremity  of  the  wing  walls. 

"To  keep  this  road  in  repair  after  it  was  made  required  at  the  least  80 
cube  yards  of  broken  stone  per  mile,  and  at  the  most  120  per  annum ;  the 
cost  of  which  varied  from  £20  to  £46  per  mile."  * 

Fig.  5  is  a  cross-section  of  the  Glasgow  and  Carlisle  Road,  showing  cross 
and  surface  water  drains. 

From  Scotland  Telford  extended  his  operations  to  England  and  Wales, 
where  the  roads,  which  had  been  laid  out  some  years  previously,  were  in 
such  a  condition  as  to  require  to  be  reconstructed.  The  Government  in 
1815  engaged  Telford  to  make  the  Shrewsbury  and  Holyhead  Road — one 


Fio.  5. — CrosB-Bection  of  road  showing  cross  and  surface  water-drains. 

of  the  finest  pieces  of  road-engineering  carried  out  up  to  that  time  in  the 
world,  and  the  Menai  and  Conway  bridges  in  connection  with  it.  This 
road  was  considered,  owing  to  its  lying  in  the  direct  line  of  communication 
between  England  and  Ireland,  of  sufficient  importance  to  be  deemed  a 
National  undertaking.  Its  condition,  along  with  the  portion  to  London,  was 
reported  on  annually  by  Telford  till  his  death. 

The  construction  of  this  road  is  practically  similar  to  tbat  of  the  Glasgow 
and  Carlisle  road,  a  cross-section  of  a  30  feet  roadway  being  shown  at  fig.  6. 

Such  were  the  great  improvements  effected  by  Telford  in  carrying  out 
these  works,  that  the  Select  Committee  of  the  House  of  Commons  in 
reporting  on  the  matter,  stated  as  follows : — 

"  The  professional  execution  of  the  new  works  upon  this  road  greatly 
surpasses  anything  of  the  same  kind  in  these  countries. 

"  The  science  which  has  been  displayed  in  giving  the  general  line  of  the 
road  a  proper  inclination  through  a  country  whose  whole  surface  consists  of 
*  Cresy's  Eivcychposdia  of  Civil  Engineering ^  1847. 
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a  succession  of  rocks,  bogs,  raviDCs,  rivers,  and  precipices  reflects  the 
greatest  credit  upon  the  engineer  who  has  planned  them;  but  perhaps  a 
still  greater  degree  of  professional  skill  has  been  shown  in  the  construction, 
or  rather  the  building  of  the  road  itself.  The  great  attention  Mr.  Telford 
has  bestowed  to  give  to  the  surface  of  the  road  one  uniform  and  moderately 
convex  shape,  free  from  the  smallest  inequality  throughout  its  whole 
breadth,  the  numerous  land  drains,  and,  where  necessary,  sewers  and 
tunnels  of  substantial  masonry  with  which  all  the  water  arising  from 
springs  or  falling  in  rain  is  instantly  carried  off;  the  great  care  with  which 
a  sufficient  foundation  is  established  for  the  road,  and  the  quality,  solidity, 
and  disposition  of  the  materials  that  are  put  upon  it,  are  matters  quite  new 
in  the  system  of  road  making  in  these  countries."  * 
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Fig.  6. — Cross-section  of  Shrewsbury  and  Holyhead  Road — Telford. 

The  following  rules  were  prepared  by  Telford  in  1820,  as  instructions  to 
those  in  charge  for  the  proper  maintenance  of  the  road  between  London 
and  Shrewsbury,  at  the  instance  of  the  Parliamentary  Commissioners : — 

General  Rules  for  Repairing  Roads. 

i.  shape  or  cross-section. 
Ride  1. — Upon  a  road  of  30  feet  in  width,  the  sides  should  be  9  t 
inches  below  the  surface  of  the  middle.  The  best  line  of  the  cross-section 
is  a  segment  of  a  flat  ellipse.  This  shape  not  only  assists  the  water  to  pass 
from  the  centre  towards  the  sides,  but  contributes  to  the  drying  of  the  road 
by  allowing  the  action  of  the  sun  and  air  to  produce  a  great  degree  of 
evaporation.  Surveyors  ought  to  use  a  level  in  giving  roads  a  proper  shape, 
in  order  that  the  surface  may  be  of  one  uniform  curvature,  without  the 
smallest  deviation  in  any  one  spot  from  the  prescribed  line  of  the  cross- 
section. 

II.    DRAINAGE. 

Rule  2. — All  ditches  ought  to  be  on  the  field  side  of  the  road  fences, 
and  to  be  connected  with  the  natural  water-courses  of  the  country. 

*  Report  from  the  Select  Committee  on  the  Road  from  London  to  Holyhead  in  the 
year  1819. 

t  Telford  afterwards  considered  6  inches  sufficient  for  this  width. 
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The  stone  cross  drains  and  culverts  which  pass  under  the  road  should 
be  numerous,  and  continued  through  under  the  fences  into  the  ditches. 

In  order  to  keep  a  road  perfectly  dry,  openings  of  mason-work  should 
be  made  from  the  side  drains  of  the  road  into  all  these  cross  drains,  to 
carry  off  the  water  collected  from  the  surface  of  it.  The  bottom  of  these 
cross  drains  must  be  well  payed,  particularly  at  these  openings. 

It  ought  never  to  be  forgotten  that  in  order  to  have  the  surface  of  a 
road  perfect,  it  must  be  kept  completely  dry. 

All  land  springs  ought  to  be  carried  from  the  side  of  the  road  by 
under-draining. 

III.    TRBES   AND   FENCES. 

RvJe  3. — It  is  absolutely  necessary  to  remove  trees  from  .the  sides  of 
roads,  and  to  keep  the  fences  under  5  feet  in  height.  Not  less  than  20 
per  cent,  of  the  expense  of  repairing  roads  is  incurred  by  the  trees  and  the 
improper  state  of  the  fences  keeping  the  roads  wet,  and  by  that  means 
occasioning  the  rapid  destruction  of  the  materials. 

IV.    MATERIAI^. 

Ride  4. — Where  the  materials  are  quarry  or  field  stones,  the  hardest  part 
of  them  should  only  be  used.  Each  stone  should  be  so  broken  that  it  may,  in 
its  largest  dimension,  pass  through  a  ring  2^  inches  in  diameter.  Hammers 
with  slender  handles,  light  and  well-steeled,  must  be  made  on  purpose  for 
breaking  them.  This  work  ought  always  to  be  done  by  measure,  either  at 
the  quarries  or  in  proper  recesses  made  for  the  purpose  on  the  sides  of 
the  road.  Men  who  are  past  hard  labour,  and  women  and  boys  may  be 
employed  on  it. 

Rule  5. — Where  the  materials  consist  of  gravel,  the  stones  only  which 
exceed  1^  inch  in  size  should  be  taken  from  the  pits  for  the  repairing  of 
the  middle  part  of  the  road,  of  1 8  feet  in  breadth.  These  ought  to  be  raked 
together  as  the  gravel  is  thrown  up  by  the  workmen.  This  process  will,  in 
most  cases,  save  the  expense  of  riddUng  and  washing  the  gravel.  The  small 
gravel  and  gravelly  portions  of  the  pit  may  be  used  for  the  sides  of  the  roads 
and  the  footpaths.  Every  gravel  stone  which  exceeds  1^  inch  in  size  ought 
to  be  properly  broken,  either  in  the  pits  or  in  the  aforesaid  recesses.  A 
pronged  shovel  should  be  used  in  putting  the  stones  into  the  barrows. 
Surveyors  should  pay  very  particular  attention  to  this  rule,  because  the 
common  use  of  a  mixture  of  round  gravel  and  clay  is  a  public  nuisance, 
and  must  be  got  rid  of.  When  a  surveyor  obstinately  persists  in  this  prac- 
tice, the  trustees  should  dismiss  him. 

V,    DISPOSITION   OP    MATERIALS. 

Rvle  6. — Where  a  road  has  no  solid  and  dry  foundation,  it  must  be  con- 
structed anew.    It  must  be  well  drained,  and  put  into  a  proper  form.    Upon 
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the  18  centre  feet  of  it  stones  must  be  put,  forming  a  layer  7  inches  deep. 
Soft  stones  will  answer,  or  cinders^  particularly  where  sand  is  prevalent. 
These  bottoming  stones  must  be  carefully  set  by  hand,  with  the  broadest 
end  down,  in  the  form  of  a  close,  neat  pavement ;  the  cavities  should  be 
filled  with  stone  chips  to  make  all  level  and  firm,  and  no  stone  should  be 
more  than  5  inches  broad  on  its  face.  This  proportion  of  a  solid  and  level 
foundation  is  the  most  essential  point  to  be  secured  in  order  to  have  a 
perfect  road,  and  that  the  draught  of  carriages  may  be  eased  as  much  as 
possible.  Over  this  bottoming  of  stones  or  cinders,  6  inches  of  stones,  of  a 
proper  quality,  broken  to  a  size  that  will,  in  their  largest  dimensions,  pass 
through  a  ring  of  2^  inches  diameter,  must  be  laid.  The  6  feet  of  the  road 
on  each  side  of  the  18  centre  feet  (making  30  feet),  when  formed  of  a  proper 
shape,  may  be  covered  with  6  inches  of  good  clean  gravel  or  small  stone 
chips. 

Where  a  road  has  some  foundation,  but  an  imperfect  one,  or  is  hollow  in 
the  middle,  all  the  large  stones  appearing  on  the  surface  of  it  must  be  raised 
and  broken;  the  18  centre  feet  of  it  must  then  be  covered  with  a  coating  of 
broken  stones,  sufficient  to  give  it  a  proper  shape,  and  to  form  a  bed  of  solid 
materials  of  at  least  1 3  inches  in  depth,  to  make  it  solid  and  hard. 

Where  a  road  already  has  a  good  foundation  and  also  a  good  shape,  no 
materials  should  be  laid  upon  it  but  in  thin  layers,  for  the  purpose  of  filling 
ruts  and  hollow  places  as  soon  as  they  appear.  Stones  broken  small,  as  above 
described,  being  angular,  will  fasten  together.  In  this  way  a  road,  when 
once  well  made,  may  be  preserved  in  constant  repair  at  a  small  expense. 

Where  the  breadth  of  that  part  of  a  road  which  alone  has  been  formed 
of  hard  materials,  and  over  which  the  carriages  commonly  pass,  is  less  than 
18  feet,  it  must  be  widened  with  layers  of  broken  stones  to  that  breadth, 
first  digging  away  the  earth  and  forming  a  bed  for  them  with  pavement  and 
broken  stones,  at  least  10  inches  deep.  Near  large  towns  the  whole  breadth 
of  the  roadway  should  be  covered  with  broken  stones. 

VI.    MANAGEMENT   OP   LABOUR. 

Rtde  7, — All  labour  by  day's  wages  ought,  as  far  as  possible,  to  be  dis- 
continued. The  surveyors  should  make  out  specifications  of  the  work  of 
every  kind  that  is  to  be  performed  in  a  given  time.  This  should  be  let  to 
contractors,  and  the  surveyors  should  take  care  to  see  it  completed  according 
to  the  specifications  before  it  is  paid  for.  Attention  to  this  rule  is  most 
essential,  as  in  many  cases  not  less  than  two-thirds  of  the  money  usually 
expended  by  day  labour  is  wasted. 

In  all  probability  the  contract  system  was  introduced  with  a  view 
to  get  rid  of  the  paupers  then  employed  on  the  Holyhead  road,  as  Telford 
afterwards,  in  1819,  on  some  portions  of  this  road,  at  least,  placed 
foremen  in  charge  of    4  to   6    miles    of    road,   having   under  them   a 
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sufficient  number  of  labourers  to  keep  the  road  in  proper  shape.  Further, 
in  1823,  he  says  that  "a  certain  number  of  labourers  ought  always  to 
have  the  care  of  the  surface  of  the  road,  and  never  quit  it  for  a  single  day 
to  do  anything  else;  they  will  always  have  sufficient  to  do  in  spreading 
materials  in  ruts  and  hollows,  in  scraping  the  road,  in  cleaning  out  the  side 
channels  and  keeping  open  the  water-courses,  and  generally  in  maintaining 
the  road  in  a  clean  and  sound  state.  A  few  men  constantly  so  employed 
will  do  a  great  deal  towards  the  preservation  of  a  road,  while  the  greater 
number  of  workmen  should  be  as  constantly  employed  in  providing  materials 
by  contract  work." 

It  is  noticeable,  however,  that  in  the  Highlands  of  Scotland  and  in 
Wales,  where  the  population  was  sparse  and  labour  difficult  to  obtain,  that 
he  invariably  adopted  the  contract  system  of  maintaining  the  roads. 

Telford,  in  1830,  supplemented  these  foregoing  general  rules  by  the 
following  specification : — 

Spbcifioation  for  the  regulation  of  the  surface  between  the  fences,  so  as  to 
establish  uniformity  in  the  cross-section. 

1.  The  road  is  to  be  30  feet  wide,  with  a  fall  of  6  inches  from  the 

centre  to  the  side  channels,  but  exclusive  of  the  footpaths. 

2.  Two  sods  to  be  laid  on  each  side  of  the  road,  one  upon  the  other;  the 

lower  one  12  inches  wide,  the  upper  S  inches,  and  each  4^  inches 
in  thickness ;  and  in  such  manner  as  to  form  curved  edges  when 
they  grow  together ;  the  top  surface  of  the  sods  on  each  side  to  be 
exactly  on  the  same  level. 

3.  On  one  side  of  the  road  a  footpath  to  be  made  behind  the  sod ;  it  is 

to  have  an  inclined  surface  of  1  inch  in  a  yard  towards  the  road ; 
and  another  sod  to  be  laid  along  the  outer  edge  of  the  footpath, 
8  inches  wide,  on  a  level  with  the  footpath. 

4.  On  the  other  side  of  the  road  a  flat  mound  of  earth  to  be  formed 

behind  the  sods,  on  a  level  with  the  top  of  them,  5  feet  8  inches 
wide ;  the  surface  of  this  mound  to  be  made  with  sods  or  sown  with 
grass  seeds. 

5.  The  waste  land,  where  there  is  any,  on  each  side  between  the  foot- 

paths or  the  mound  and  the  road  fences,  to  be  dug  over  in  the 
breadth  of  4  feet,  at  right  angles  to  the  fences,  and  made  quite 
smooth ;  when  these  wastes  are  covered  With  grass,  the  sod  to  be 
pared  off  each  breadth  and  laid  on  the  breadth  last  dug;  when 
they  are  not  in  grass,  the  new  surface  is  to  be  sown  with  hay  seed. 

6.  If  there  is  a  ditch  on  the  roadside  of  the  fence,  or  if  the  road  fence 

consists  of  a  high  bank,  a  new  poet  and  rail  fence  is  to  be  made 
close  along  the  footpath  and  mound,  with  a  ditch  on  the  field  side 
at  least  3  feet  deep. 
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An  instance  of  what  can  be  done  by  proper  engineering  in  the  laying 
out  of  a  new  road,  or  improving  the  gradients  of  an  existing  line  of  com- 
munication, may  be  gathered  from  the  following  facts  of  a  case  in  which 
Telford's  skill  as  an  engineer  may  be  cited.  An  old  road  in  the  island  of 
Anglesea,  24  miles  in  length,  so  undulated  that  a  horse  ascended  and 
descended  1283  feet  of  vertical  height  more  than  was  found  necessary  by 
the  new  line  of  road,  and  the  distance  was  shortened  by  2^  miles.  Another 
instance  of  what  could  be  done  in  relieving  the  public  of  unnecessary  and 
avoidable  ascents,  and  which  add  greatly  to  the  tractive  power  entailed, 
may  be  mentioned.  On  the  road  from  London  to  Bamet  the  rise  or 
number  of  perpendicular  feet  which  a  horse  must  now  ascend  is  upwards  of 
1300,  although  Barnet  is  only  500  feet  higher  than  London;  and  vice  versa^ 
a  horse  must  ascend  800  feet,  although  London  is  500  feet  lower  than 
Barnet. 

The  introduction  of  railways  in  this  country  had  a  disastrous  effect  on  the 
turnpike  system  of  collecting  revenue,  the  traific,  mainly  passenger,  being 
diverted  to  the  more  expeditious  and  economical  means  of  locomotion.  This 
particularly  applied  to  roads  which  connected  large  towns,  and  after  the 
completion  of  the  railway  system,  running  in  many  cases  parallel  to  these 
roads,  the  decreased  revenue  caused  by  the  diverted  traffic  and  revenue  was 
of  an  almost  revolutionary  nature,  thousands  of  stage-coaches  being  thrown 
out  of  employment.  Many  main  roads  became  of  little  importance;  but 
those,  including  statute  labour  roads,  running  at  an  angle  with  the  railways, 
connecting  the  districts  on  either  side,  became  the  great  feeders  in  the 
exchange  of  products,  and  for  the  most  part  require  in  modern  times 
the  most  attention.  It  is  not  to  be  wondered  at,  therefore,  that,  as  the  rail- 
ways grew  in  favour,  the  revenue  of  the  *  turnpikes '  became  gradually  less 
each  year.  This  change  in  the  course  of  events  was  anticipated  by  many 
before  railway  communication  was  an  accomplished  fact,  and  methods  were 
proposed  to  meet  the  change  of  circumstances  which  would  necessarily  be 
entailed. 

It  was  not,  however,  till  many  years  after  the  new  mode  of  travelling 
came  into  existence  that  county  authorities  saw  the  necessity  for  a  change 
in  the  turnpike  system,  so  as  to  obtain  a  revenue  for  the  proper  maintenance 
of  the  roads. 

In  1865  and  following  years  Uocal  Acts'  were  obtained,  abolishing  tolls 
in  certain  counties  in  Scotland,  and  in  1878  there  was  passed  for  this  pur- 
pose a  general  permissive  Act,  which  was  to  be  compulsory  after  1883, 
under  which  all  roads  are  classified  as  highways. 

The  method  of  raising  revenue  under  the  old  system  of  statute  labour, 
generally  commuted  and  paid  for  as  plough  gates,  etc.,  and  tolls  adminis- 
tered by  a  great  many  trusts,  with  no  view  in  common,  seems  to  have  been 
a  very  cumbrous  piece  of  machinery.     The  management,  apart  from  that 
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of  maintaining  the  roads,  cost  considerable  sums  in  the  form  of  profit  to  the 
tacksman,  amounting  in  some  cases,  it  is  said,  to  over  £9  per  mile.  It  is 
very  evident  that  this  profit,  in  addition  to  the  expense  of  repairing  the  toll- 
houses, gates,  etc.,  formed  a  sum  which,  had  it  been  applied  direct  to  the 
maintenance  of  the  roads,  would  have  been  sufficient  to  keep  them  in 
excellent  condition. 

The  disputes  arising  between  the  collectors,  the  public  who  used  the 
roads,  and  the  trustees,  were  numerous,  litigation  in  a  perpetual  form  being 
the  order  of  the  day. 

This,  no  doubt,  was  a  weak  spot  in  the  turnpike  system,  which,  combined 
with  the  introduction  of  railways-  and  consequently  reduced  revenues,  was 
mainly  instrumental  in  bringing  about  a  new  order  of  things. 

The  present  system  of  raising  the  necessary  revenue  for  road  purposes, 
viz.,  by  assessment  on  rental,  one  half  being  payable  by  the  proprietor,  the 
other  half  by  the  occupier,  appears  to  answer  well,  although  those  not  using 
the  highways  directly  consider  themselves  aggrieved.  As,  however,  all 
articles  of  consumption  pass  over  the  roads,  the  ratepayer  is  saved 
indirectly  in  the  purchase  of  all  such  commodities. 

The  extended  powers  for  the  further  improvements  of  highways  con- 
ferred on  County  Councils  by  the  "  Local  Government  Acts "  (England 
1888,  Scotland  1889)  admit  of  the  different  counties  and  districts  thereof 
concentrating  the  management  in  a  uniform  and  intelligent  manner. 

By  these  means  plant  for  the  repairing  of  the  roads  can  be  purchased, 
such  as  rock  drills,  stone-breaking  machines,  steam  rollers,  and  many 
other  appliances.  Greater  efficiency  is,  therefore,  now  possible  by  their 
proper  application,  while  economy  in  carrying  on  the  work  of  maintenance 
is  promoted  by  judicious  management. 


PART  L 


CHAPTER    I. 

RESISTANCE  TO  TRACTION — WHEELS  AND  WEIGHTS  ON  THEM. 

Pbkvious  to  entering  upon  the  subject  proper  of  road  construction,  it  will 
be  necessary  to  notice  briefly  the  effects  of  the  resistance  to  traction  on  a 
road  surface,  and  the  points  to  be  considered  in  determining  the  ruling 
gradient  which  should  be  adopted  on  a  proposed  road,  according  to  the 
situation,  and  the  class  of  traffic  likely  to  pass  over  it. 

The  main  external  forces  which  offer  resistance  to  the  motion  of  vehicles 
upon  roads  are : — ^Friction,  collision,  gravity,  and  air  resistance. 

1.  External  Forces  affecting  the  Motion  of  Vehicles. — (1)  Friction, 
— This  arises  from  the  rolling  resistance  of  the  wheel  tires  when  in  contact 
with  the  surface  of  the  road.  It  involves  the  consumption  of  part  of  the 
force  exerted  by  the  prime  mover.  Under  friction  may  be  considered  the 
resistance  of  penetration,  which  is  brought  about  by  a  yielding  road  surface, 
that  is,  a  weak  and  inferior  road,  or  one  on  which  gravel  or  loose  stones 
have  been  spread,  also  on  soft  earth.  In  these  circumstances  the  resistance 
to  traction  is  less  the  larger  the  diameter  of  the  wheels,  as  larger  wheels 
sink  less  and  spread  along  a  greater  surface  than  wheels  of  less  diameter ; 
the  areas  of  immersion,  however,  are  equal  in  either  case. 

Resistance  arising  from  the  friction  of  the  axles  is  nearly  constant  at  all 
velocities,  and  may  be  neglected.  It  may,  however,  be  mentioned  that  with 
wheels  of  ordinary  construction  the  resistance  amounts  to  from  y^  to  j^  of 
the  weight  on  the  axle,  or  17  to  22  lbs.  to  a  ton  of  load.  Friction  of  the 
wheel  on  its  axle  is  independent  of  the  condition  of  the  surface  of  a  road. 

(2)  Collision, — This  may  be  caused  by  the  want  of  uniformity  or 
irregular  condition  of  the  surface  of  a  road,  or  may  be  occasioned  by  hard 
substances,  such  as  loose  stones,  which  give  a  sudden  check  to  the  forward 
movement  of  vehicles.  Considerable  injury  is  done  to  a  road  surface  by  a 
vehicle  surmounting  any  hard  substance,  and  the  wheels  descending  with 
great  force  tend,  by  repeated  blows,  to  wear  holes  in  the  surface,  even  on 
roads  maintained  with    the    hardest    material.      By   the  carriage    being 
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mounted  on  springs,  the  power  required  to  draw  a  vehicle  over  an 
obstacle  of  this  kind  is  lessened,  and  the  damage  to  the  surface  of  the 
road  is  also  greatly  reduced. 

(3)  Gravity, — When  a  road  is  on  an  incline,  the  additional  influence 
due  to  gravity,  which  is  proportionate  to  the  steepness  of  the  gradient, 
must  be  allowed  for  in  arriving  at  the  greatest  tractive  force  which  the  prime 
mover  is  capable  of  exerting.  The  resistance  due  to  gravity  on  an  incline  is 
found  approximately  by  dividing  the  number  of  pounds  in  a  ton  by  the  rate 
of  inclination. 

(4)  Air  Resistance, — This  varies  according  to  the  velocity  of  the  wind, 
the  area  of  the  surface  acted  upon,  the  velocity  of  the  vehicle,  and  the  angle 
or  direction  at  which  it  impinges  against  the  plane  of  the  surface.  At  a 
velocity  of  15  miles  an  hour,  equivalent  to  a  pleasant  breeze,  the  force 
of  the  wind  is  equal  to  1*107  lbs.  per  square  foot,  while  at  a  velocity  of 
50  miles  an  hour,  amounting  to  a  violent  storm,  the  force  is  equal  to 
12 '30  lbs.  per  square  foot  of  surface. 

2.  Tractive  Force. — ^The  power  required  to  move  vehicles  along  a  road 
depends  on,  and  varies  greatly  according  to,  the  condition  of  the  surface  of 
the  road.  The  force  or  pull  which  a  horse  has  to  exert  to  draw  a  load  on  a 
level  macadamized  road  in  ordinary  repair  may  be  taken  at  ^  of  the  load, 
but  may  vary  from  ^  of  the  load  on  roads  in  the  best  condition  to  -^  on  roads 
the  surface  of  which  is  badly  maintained,  and  broken  by  ruts  and  hollows. 

Authorities,  however,  differ  widely  on  the  subject  of  the  tractive  power 
of  the  horse,  and  this  will  be  obvious  when  the  varying  diameters  of 
wheels  of  vehicles  and  the  strength  and  speed  of  different  animals  are 
taken  into  consideration,  along  with  their  adaptability  or  training  for  any 
particular  class  of  work. 

Table  I. 


Materials. 

Resistance  to 

Traction  on 

Level. 

Tractive  Force 
in  lbs.  required 
to  move  one  ton 
on  a  Level.   A. 

Asphalted  roadway, 

Paved  roadway,  dry  and  in  good  order,  . 
in  fair  order,  _   .        . 
„            „        but  covered  with  mud.  . 
Macadamized  roadway,  dry  and  in  good  order, 
,,                 ,,         in  a  wet  state,   . 
„                ,,         in  fair  order,      . 
,,                ,,         but  covered  with  mud, 
,,                ,,         covered  with  loose  stones. 

10 
1-5  to  2-00 
2-0  to  2-5 
2-0  to  2-7 
2-5  to  8-0 

8-3 

4-5 

5-5 
5-0  to  8-2 

15 
22-5  to  80-0 
300  to  87-6 
80-0  to  40-5 
37-5  to  45-0 

49-6 

67-6 

82-6 
750  to  1280 

The  figures  in  Table  I.  are  now  generally  adopted  in  arriving  at  the 
relative  tractive   force  necessary  to   draw  a   load   on  different  kinds  of 
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material  composing  a  road  surface.*  Asphalte  is  taken  as  the  standard  of 
excellence,  and  in  the  extended  part  of  tahle,  under  A,  15  Ihs.  is  allowed  for 
the  force  necessary  to  draw  one  ton  on  a  level  on  that  class  of  road. 

On  a  macadamized  road  maintained  in  excellent  order  the  table 
shows  that  the  force  put  forth  by  the  prime  mover  is  45  lbs.  per  tou, 
or  a  tractive  force  exerted  of  ^V  ^^  ^^^  gro88  load.  On  a  road  which  is  only 
in  fair  order,  slightly  cupped,  or  has  an  irregular  surface,  the  tractive  force 
exerted  rises  to  |^  of  the  gross  load,  while  on  a  road  having  the  surface 
covered  with  loose  stones  the  draught  or  tractive  force  necessary  to  be  put 
forth  amounts  to,  at  its  worst,  ^^  of  the  gross  load. 

3.  The  following  are  the  general  results  of  the  experiments  made  by 
M.  Morin  upon  the  resistance  of  the  traction  of  vehicles  on  common  roads : — 

1st.  The  resistance  to  traction  is  directly  proportional  to  the  load,  and 
inversely  proportional  to  the  diameter  of  the  wheel. 

2nd.  Upon  a  paved  or  a  hard  macadamized  road  the  resistance  is 
independent  of  the  width  of  the  tire,  when  this  quantity  exceeds  from 
3  to  4  inches. 

3rd.  At  a  walking  pace,  the  resistance  to  traction  is  the  same,  under 
the  same  circumstances,  for  carriages  with  springs  and  for  carriages  without 
springs. 

4th.  Upon  hard  macadamized  roads  and  upon  paved  roads,  the  resist- 
ance to  traction  increases  with  the  velocity — the  increments  of  traction 
being  directly  proportional  to  the  increments  of  velocity  above  the  velocity 
3'2d  feet  per  second,  or  about  2^  miles  per  hour.  The  equal  increments 
of  traction  thus  due  to  equal  increments  of  velocity  are  less  as  the  road  is 
smoother,  and  as  the  carriage  is  less  rigid  or  better  hung. 

5th.  Upon  soft  roads,  of  earth,  or  sand,  or  turf,  or  roads  fresh  and 
thickly  gravelled,  the  resistance  to  traction  is  independent  of  the  velocity. 

6th.  Upon  a  well-made  and  compact  pavement  of  hewn  stones,  the 
resistance  to  traction  at  a  walking  pace  is  not  more  than  three-fourths  of  the 
resistance  upon  the  best  macadamized  roads,  under  similar  circumstances. 
At  a  trotting  pace,  the  resistances  are  equal. 

7th.  The  destruction  of  the  road  is,  in  all  cases,  greater  as  the  diameters 
of  the  wheels  are  less,  and  it  is  greater  in  carriages  without  than  in  those 
with  springs. 

4.  Experiments  were  carried  out  by  Sir  J.  Macneil  on  the  road 
between  London  and  Shrewsbury  to  ascertain  the  tractive  forces  required 
there,  and  measured  by  an  instrument  devised  by  him  for  the  purpose. 
The  general  results,  reduced  to  that  on  a  level,  as  given  by  Telford,  t  are 
presented  in  Table  II. 

*  Vide  Report   of  the    Society   of  Arts  on  the  application  of  Science  and  Art  to 
Street  Paving  and  Street  Cleansing  of  the  Metropolis,  1875. 
t  Seventh  Report,  etc,  p.  18. 
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Table  IL 


Descriptioa  of  Road. 

Tractive  Force 
per  Ton. 

Angle  of  Repose 
Represented. 

Draught  on  a  well-made  pavement, 

,,         broken  stone  snrface  on  old  flint  road 

pavelroad,         .        .•       . 
fy         broken  stone  road  npon  a  rough  pave- 
ment foundation,      .... 
,,         broken  stone  surface   on  a  bottoming 
of  concrete 

83  lbs. 
65   „ 
147   „ 

46    „ 

46    „ 

ft 

A 
A 

5.  It  appears  from  experiments  carried  out  at  the  Eoyal  Agricultural 
Show  at  Bedford  in  1874,  by  means  of  a  horse  dynamometer,  made  by 
Messrs.  Easton  &  Anderson,  that  1  lb.  of  draught  was  expended  on  moving 
every  35-1  lbs.  of  weight  resting  on  a  wagon  with  fore  wheels  of  41  inches 
in  diameter,  while  on  the  hind  wheels  having  a  diameter  of  60  inches  it 
was  58*7  lbs.  In  the  former  case  it  was  thus  equal  to  a  tractive  force  of 
64  lbs.  per  ton  with  the  smaller  size  of  wheel,  compared  with  38  lbs.  for  that  of 
the  larger  one,  which  latter  figure  practically  agrees  with  those  in  the  above 
table.  Of  the  other  trials  at  the  same  place  with  loaded  wagons,  having 
tires  2^  to  4^  inches  wide,  the  average  draught  was  ^  of  the  gross  load, 
or  nearly  46  lbs.  per  ton.  For  single  horse  carts,  loaded  to.  about  30  cwt., 
the  wheels  of  which  were  from  52  to  62  inches  in  diameter,  and  the  tires  3^ 
to  4  inches  wide,  the  tractive  force  was  found  to  be  on  a  level  macadamized 
road  at  a  walking  pace  ^  of  the  gross  load,  or  34^  lbs.  per  ton.  With 
other  carts  having  wheels  of  slightly  larger  diameter  and  a  greater  load,  the 
average  draught  under  similar  conditions  was  found  to  be  -^-^  of  the  gross 
load,  or  44  lbs.  per  ton. 

6.  There  can  be  no  question  that  the  smoother  and  harder  the  surface 
of  a  road  is,  the  tractive  force  or  draught  necessary  to  move  a  vehicle  will 
be  less.  It  must  also  be  apparent  that  the  work  of  one  horse  on  a  level 
and  well  maintained  road,  may  be  easily  increased  two  or  three  times,  if  the 
surface  of  the  road  is  inferior  in  condition,  by  reason  of  any  inequalities 
or  ruts  on  the  surface.  In  other  words,  four  horses  are  enabled  to  do  the 
work  of  five,  or  three  of  four,  by  keeping  the  roads  in  an  efiicient  state  of 
repair. 

7.  Gradients. — In  ascending  an  incline  the  prime  mover  has  to  exert 
an  additional  force  which  has  to  be  added  to  that  of  resistance  on  the 
level.  This  is  approximately  equal  to  the  gross  load  divided  by  the  rate 
of  gradient.  It  can  be  shown  diagrammatically  what  additional  resistance 
is  occasioned  when  the  road  is  inclined  against  the  load  instead  of  being 
level. 

In  the  accompanying  diagram  fig.  7,  the  whole  weight  is  supposed  to 
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be  supported  on  one  pair  of  wheels,  being  the  simplest  form  in  which  this 
additional  resistance  may  be  investigated,  and  which  can  be  shown  in  the 
following  manner. 

Let  AB  represent  a  part  of  an  inclined  road,  D  a  vehicle  sustained  in 
its  position  by  a  force  acting  in  the  direction  DG,  DW  the  weight  of 
the  vehicle  and  load  or  the  force  of  gravity  acting  vertically  downwards. 
It  is  evident  that  the  vehicle  is  sustained  in  equilibrium  upon  the  inclined 
plane  by  these  two  forces,  and,  in  addition,  by  the  resistance  of  the  road 
surface  to  the  pressure  of  the  vehicle  acting  at  right  angles  to  the  incline  of 
the  road.  To  determine  the  relative  magnitude  of  these  three  forces,  draw 
the  horizontal  line  BC  and  the  vertical  line  AC ;  then  since  the  two  lines 
D£  and  AC  are  parallel  and  are  both  cut  by  the  line  AB,  it  follows  that 
they  must  make  the  two  angles  D£F  and  BAC  equal ;  likewise,  the  two 
angles  DF£  and  ACB  are  equal;  therefore,  the  remaining  angles  EDF 
and  ABC  are  equal,  and  the  two  triangles  DEF  and  BAC  are  similar.  As 
the  three  sides  of  the  former  are  proportional  to  the  three  forces  by  which 
the  vehicle  is  sustained  in  equilibrium,  so  also  are  the  three  sides  of  the 
latter;  viz.,  AB  or  the  length  of  the  road  is  proportional  to  W,  or  the 
A         C  •-         y^"^  weight  of  the  vehicle  and  its 

^"•>-v^^^         It^^-Zd   I  ^^*^ '  ^^  ^'  ^®  vertical  rise 

^"^^-^-^A/j     J  is  the  same  to  E,  or  the  force 

^^Tfe.^,,,^^^  required  to  sustain  the  vehicle 

y^        ^'*^'*^-^.^,.^^  on  the  inclined  plane ;  and  BC 

.r!r:>*^     or  the  horizontal  distance  in 

Pjq  y  which  the   rise   occurs,  to   P, 

or   the  force  with  which  the 
vehicle  presses  upon  the  surface  of  the  road. 

Therefore  W     :     AB     : :     E     :     AC 
andW     :     AB     ::     P     :     BC 

And  if  BC  be  of  such  a  length  that  the  vertical  rise  AC  of  the  road  equals 
one  foot,  then  the  force  DG  will  be  represented  by 

W  W 

AB  =  VBorri  =  ^'^^ 
and 

AB  VB(?  +  1 

in  which  B  is  the  angle  ABC. 

These  f ormulsB  reduced  to  words  are  as  follows : — 

To  find  the  force  requisite  to  sustain  a  vehicle  upon  an  inclined  road, 
the  effects  of  friction  being  neglected,  divide  the  weight  of  the  vehicle  and 
its  load  by  the  inclined  length  of  the  road,  the  vertical  rise  of  which  is  one 
foot,  and  the  quotient  is  the  force  required. 
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To  find  the  pressure  of  a  vehicle  against  the  surface  of  an  inclined  road, 
multiply  the  weight  of  the  loaded  vehicle  by  the  horizontal  length  of  the 
road,  and  divide  the  product  by  the  inclined  length  of  the  same;  the 
quotient  is  the  pressure  required.  , 

The  force  with  which  a  vehicle  presses  upon  an  inclined  road  is  always 
less  than  its  actual  weight;  the  difference  is  so  small,  however,  that  on 
roads  with  a  moderate  inclination  it  may  be  taken  as  equal  to  the  weight 
of  the  loaded  vehicle. 

To  find  the  resistance  to  traction  in  passing  up  or  down  an  incline, 
ascertain  the  resistance  on  a  level  road  having  the  same  surface  as  the 
incline,  to  which  add  if  the  vehicle  ascends,  or  subtract  if  it  descends,  the 
force  requisite  to  sustain  it  on  the  incline ;  the  sum  or  difference,  as  the 
case  may  be,  will  express  the  resistance.  The  tractive  power  of  horses  varies 
according  to  their  strength,  speed,  and  the  adaptability  and  training  which 
they  possess  for  any  particular  kind  of  work.  An  average  horse  will, 
travelling  at  a  speed  of  2^  miles  an  hour,  exert  a  pull  of  110  to  120  lbs. 
on  a  level  road  with  a  smooth  surface ;  while  at  a  speed  of  4  miles  an  hour, 
the  draught  exerted  will  only  amount  to  from  65  to  75  lbs. 

The  tractive  power  of  a  horse  becomes  less  as  the  speed  increases,  while 
in  ascending  inclines  its  power  diminishes  rapidly,  a  considerable  portion  of 
its  strength,  due  to  its  own  weight  and  that  of  the  load,  is  expended  in  over- 
coming the  resistance  of  gravity. 

In  ascending  a  perfectly  smooth  road,  the  amount  of  foothold  afforded 
being  less,  tells  more  against  the  draught  of  a  horse  than  one  of  ordinary 
roughness.    The  extreme  comparisons  may  be  taken  as  asphalte  and  macadam. 

8.  It  is  interesting  to  note  that  a  horse  is  as  strong  as  five  men  on  a 
level,  while  on  a  gradient  of  I  in  6  its  tractive  power  is  barely  equal  to 
that  of  three  men. 

Table  III.  shows  the  decrease  in  the  loads  in  ascending  gradients. 

A  horse  can,  however,  exert  for  short  distances  twice  to  three  times  the 
average  tractive  power  which  he  is  capable  of  exerting  continuously  during 
a  day's  work,  so  that  if  the  resistance  on  the  gradient  be  not  greater  than 
double  or  three  times  the  resistance  on  the  level,  the  horse  will  be  able  to 
ascend  such  inclines  with  the  gross  load  he  is  capable  of  drawing  under 
ordinary  conditions. 

9.  Professor  Mahan  deduced,  from  the  results  of  experiments  on  tractional 
resistance  carried  out  by  Sir  John  Macneil,  that  the  angle  of  repose  is 
represented , by  the  fractional  part  of  the  weight  of  the  carriage,  which, 
when  applied  to  it,  would  be  just  sufficient  to  overcome  the  friction,  and  set 
the  carriage  in  motion.  In  other  words,  the  angle  of  repose  for  a  well- 
made  pavement  would  be  represented,  taking  one  ton  or  2240  pounds 
as  the  load  moved,  as  T^ff^  or  -^^  nearly,  and  the  gradient  for  this  class  of 
road  should  not  be  greater  than  1  in  68,  or  1  perpendicular  to  68  horizontal. 

C 
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For  the  values  of  the  angle  of  repose  or  the  greatest  inclination  which 
should  be  given  to  a  road  made  with  dififerent  descriptions  of  materia],  see 
Table  II.  page  31. 

Table  III. 

Effects  of  Gradients  upon  the  Loads  which  a  Horse  can  draw  on  a  Macadam 
used  Road,  the  Load  on  the  Level  being  taken  as  represented  by  1. 


g. 

1- 

= 

, 

I.- 

1 

§ 

I-- 

1 

1 

1 

.as 

1^ 

II 

< 

'3 

a 

< 

.2*8 

9    b 

< 

1 

< 

.2  5 

1^ 

II 

< 

luilO 

5  4S 

628 

•26 

linl6 

3  49 

862 

•826 

lin20 

2  62 

264 

•4 

linll 

5  11 

480 

•266 

linl6 

3  86 

880 

•84 

lin24 

2  23 

220 

•6 

linl2 

4  46 

440 

•28 

linn 

8  22 

810 

•355 

lin25 

2  18 

211 

•62 

linlS 

4  24 

406 

■296 

linlS 

3  11 

293 

•87 

li]i26 

2  16 

208 

•64 

linU 

4    5 

887 

•81 

linl9 

8    0 

277 

•886 

linSO 

1  66 

176 

•64 

It  is  very  desirable  that  in  all  cases  the  gradients  should  be  reduced  as 
much  as  practicable,  as  the  extra  exertion  necessary  to  be  expended  by 
a  horse  in  ascending  steep  gradients  is  considerable,  and  adds  greatly  to  the 
cost  of  haulage. 

Sir  John  Macneil,  in  1836,  maintained  that  no  road  was  perfect  unless 
its  gradients  were  equal  to,  or  less  than,  1  in  40.  M.  Dumas,  engineer-in- 
chief  of  the  French  Fonts  et  Chaussdes,  writing  in  1843,  recommended  1  in 
50  as  a  maximum  rate  of  inclination ;  whilst  Professor  Mahan  considered, 
as  a  general  rule,  that  gradients  should  be  kept  as  low  as  1  in  33.  M. 
Dupuit  recommends  for  the  maximum  gradient  for  metalled  roads  a  3  per 
cent,  incline,  or  1  in  33,  and  for  pavements  a  2  per  cent,  gradient,  or  1  in 
50.  The  gradient  of  1  in  30  adopted  by  Telford  is  such  that,  in  ascending 
it,  a  horse  can  easily  put  forth  the  force  necessary  over  and  above  the  pull 
needed  for  taking  the  load  along  the  level.  Gradients  of  1  in  20,  and  even 
steeper,  have  at  times  to  be  introduced  at  points  in  the  line  of  a  proposed 
road,  to  obviate  heavy  expenditure  in  the  construction  of  the  works.  On 
the  other  hand,  a  road  should  not  be  constructed  on  a  '  dead-level,'  but  have 
a  minimum  gradient.  This,  although  applying  in  a  certain  degree  to  trac- 
tion, has  reference  more  particularly  to  the  maintenance  of  roads,  and  will, 
therefore,  be  treated  in  its  proper  place. 

10.  Wheels  and  Weights  on  them. — The  imperfect  condition  of  the 
roads  at  the  beginning  of  the  present  century  was  such  that  regulations 
were  embraced  in  the  Acts  relating  to  highways,  enforcing  that  wheels  of 
vehicles  should  be  of  great  width  in  proportion  to  the  weights  carried. 
Table  IV.  gives  these  particulars. 
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Table  IV. 
Weighif  Horse-poiDer,  and  Wheels  of  Vehicles  on  Gommon  Roads^  1809. 


Weight 

on  tne 

road  at 

each 

Breadth  of  Wheel 

Gross 
•    Weight. 

Number 

of 
Horses. 

Draught 
each  Horse. 

Pressure  per  inch 
ofWWth. 

Wheel. 

Inches. 

Tons. 

Owt.  lbs. 

Cwt. 

Lbs.    '    Cwt. 

16,       .        . 

8 

10 

16      0 

40 

280    <     2-60 

9,  rolling  16,* 

6i 

8 

16    42 

82i 

404         3*60 

9,       .        . 

6 

8 

16      0 

30 

373     1     8 -83 

6,  rolling  11, 

H 

6 

18    87 

274 
224 

618    ,     4-68 

6,       .        . 

4i 

6 

16     0 

420    '     3-76 

3,       . 

Si 

4 

17    66 

174 

663          6*86 

2,  Stage  Coach, 

4 

4 

20     0 

20 

1120    '   10-00 

1 

From  the  foregoing  table,  it  is  apparent  that  the  pressure  per  inch  of 
width  of  tires  at  the  surface  of  the  road  increases  as  the  width  diminishes. 
It  was  the  opinion  of  practical  men  using  the  roads  during  that  period,  that  a 
pressure  of  4  cwt.,  or  448  lbs.,  per  inch  of  width  should  not  be  exceeded  ; 
while  the  tire  of  the  wheel  should  be  limited  to  a  minimum  width  of  4j^ 
inches.  Unquestionably  a  tire  of  moderate  width,  provided  the  weight 
distributed  over  it  is  not  excessive,  may  be  looked  upon  as  one  to  be  recom- 
mended. 

11.  Conical  Wheels. — The  excessively  wide  rounded  tires  and  conical 
shape  of  the  wheel  in  use  in  the  early  part  of  the  century  would  appear  to 
be  the  worst  combination  that  could  possibly  exist.  It  is  apparent  that  a 
conical  wheel  can  only  be  made  to  travel  in  a  straight  line  by  a  constant 
twisting  action  at  the  surface  of  the  road.  Consequently,  the  wider  the 
tire,  the  greater  is  the  twisting  and  disintegrating  action  by  the  wheels  on 
the  material  composing  the  crust  of  a  road.  The  cylindrical  wheel,  with 
flat  tires  of  moderate  breadth,  is  the  best  possible  form  for  easy  traction, 
and  by  its  use  less  wear  is  occasioned  to  the  road-surface. 

The  practical  advantage  in  the  dished  or  slightly  conical  form  of  wheel 

is  that  a  wider  space  is  afforded  for  the  body  of  the  vehicle,  and  the 

inclined  spokes  forming  this  class  of  wheel  tend  to  resist  the  lateral  shocks 

to  which  they  are  subjected  at  times.     Although  the  cylindrical  wheel 

was  strongly   advocated,  and   encouraged  by   many  turnpike   trusts,  in 

the  form  of  a  reduction  of  tolls,  still  the  dished  or  conical  form  of  wheel 

has  become  almost  of  general  use.     Provided  this  class  of  wheel  has  a  flat 

or  but  slightly  rounded  tire,  4^  inches  in  breadth,  little  can  be  said  against 

its  use. 

*  The  rolling  widths  are  the  slant  widths  of  conical  wheels. 
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12.  The  General  Turnpike  Act  (1823)  regulated  the  weights  to  be 
carried  by  wagons,  carts,  etc.,  with  wheels  having  tires  varying  from  4^ 
to  9  inches  in  breadth,  the  weights  allowed  being  generally  10  cwt.  less  in 
winter  than  those  carried  during  the  summer  months.  Wheels  having  tires 
of  a  less  width  than  4^  inches  were  not  so  restricted.  Consequently,  it  was 
possible  to  carry  with  tires  2^  inches  in  breadth  the  same  weight  as  was 
allowed  for  wheels  having  tires  4^  inches  in  width.  The  extra  toll  imposed 
on  carts  with  narrow  tires  did  not,  however,  prevent  their  use,  and  after 
the  tolls  were  abolished  they  became  general,  and  are  now  to  be  found  on 
far  the  greater  proportion  of  vehicles  travelUng  on  the  highways. 

Sir  J.  Macneil,  in  his  evidence  before  the  Committee  on  Steam  Carriages 
in  1831,  gave  the  following  particulars  as  to  weights  of  coaches  and 
wagons,  and  the  pressure  per  inch  of  width  of  tire.* 

Tablh  V. 


Description  of  Vehicle. 

Weight  on 
the  Average. 

Breadth  of 
Wheel. 

Pressnre  of 
each  Wheel 

Pressure  on 

each  inch 

of  Breadth. 

Mail  Coach, 
Stage  Coach, 

Van, 

Wagon,        .... 

i»            .... 

,,            .... 

2    tons 
24    M 

2i  inches 
2       „ 

»       » 

4        ., 

10-0  cwt. 
12-6    .. 
21-26  „ 
80-0    „ 
22-5    „ 
17-6    „ 

4-40  cwt 
6-26    „ 
8-29    „ 
8-88    ., 
8-76    „ 
4-87    „ 

It  will  be  observed  that  the  weight  per  inch  of  tire  is  exceedingly  high 
for  vans  as  compared  with  wagons,  the  tires  of  which  were  9  inches  in 
width.  As  the  edges  of  narrow  tires  become  rounded  through  wear,  it  is 
evident  that  the  pressure  per  inch  of  width  will  in  time  become  greater 
than  that  tabulated,  even  to  the  extent  of  25  per  cent. 

13.  The  Acts  relating  to  the  weights  allowed  for  wheels  with  tires  of 
dififerent  width  having  been  repealed.  County  Authorities  were  empowered 
to  make  by-laws,  under  the  Highways  and  Locomotives  Act  of  1878,  for 
regulating  the  width  of  wheels  in  relation  to  the  weight  carried.  In  those 
counties  where  such  powers  have  been  exercised,  the  practice  usually 
followed  was  to  adopt  the  weights  allowed  under  the  (Jeneral  Turnpike  Act, 
with  any  modification  which  was  considered  necessary  for  the  varying  con- 
ditions in  different  parts  of  the  country. 

14.  The  weights  on  wheels  under  the  dififerent  conditions  to  which 
roads  are  now  subjected  vary  considerably,  according  to  ciscumstances,  as 
may  be  gathered  from  the  following,  bearing  more  particularly  on  the  effect 
produced  by  vehicles  having  wheels  with  wide  tires. 

*  Evidence,  Committee  on  SUam  Carriages,  p.  95. 
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It  is  a  difficult  matter  to  conceive  how  it  is  possible  that  a  rigid  wheel 
with  a  tire  having  a  breadth  of  18  inches  can  bear  equally  on  the  surface  of 
a  road  for  that  width.  From  the  manner  in  which  these  Wheels  are  con- 
structed they  present  a  rigid  flat  surface,  and  this  has  to  travel  on  a  road 
having  a  transverse  surface  convex  in  form.  The  amount  of  convexity 
varies  according  to  circumstances,  and  in  the  form  least  necessary  for  surface 
drainage  it  presents  the  part  of  a  circle,  or  by  two  inclined  straight  lines 
from  either  side  joined  by  a  curve  in  the  centre.  Under  these  circum- 
stances the  point  of  contact  of  the  wheel  on  the  road-surface  will  be  con* 
fined,  theoretically,  to  a  single  point  which  is  the  inner  edge  of  the  tire. 
The  rise  generally  given  to  a  road-surface  transversely  is  such  that  with 
tires  of  moderate  width  the  pressure  is  uniform  over  the  fidl  width,  but 
in  the  case  of  vehicles  having  tires  of  great  width  a  portion  only  of  the 
breadth  transmits  the  whole  weight  to  the  surface  of  the  road. 

Macadam  gave  it  as  his  opinion,  in  his  evidence  before  the  Select 
Committee  on  Steam  Carriages,  1831,  that  no  advantage  was  gained  by  in- 
creasing the  breadth  of  the  tire  above  4^  inches,  as  a  greater  breadth  could 
not  at  one  time  touch  the  surface  of  a  well-formed  road.  Similar  results 
were  obtained  by  Morin  from  actual  experiments  carried  out  with  vehicles 
having  wheels  with  cylindrical  tires  of  2'5  inches,  4*6  inches,  and  7  inches 
in  width,  respectively.  These  results,  concisely  stated,  showed  that  over  30 
per  cent,  more  tonnage  can  be  carried  over  a  road  in  good  order,  on  wheels 
having  tires  4^  inches  wide,  than  can  be  done  on  wheels  with  tires  2^  inches 
wide ;  the  wear  or  damage  resulting  to  the  surface  of  the  road  being  about 
the  same  in  each  case.  It  was  also  observed  that  any  excess  of  width  of  tires 
beyond  that  stated  had  no  compensating  value. 

15,  It  would  appear  from  these  conclusions  that  wheels  of  wagons  and 
other  vehicles  having  tires  of  from  6  to  9  inches  in  breadth,  traction-engines 
with  rigid  tires  having  a  width  of  from  15  to  18  inches,  and  the  driving  or 
hind  wheels  of  steam  road-rollers  with  rims  18  to  20  inches  wide,  are 
powerful  agents  in  destroying  the  crust  of  a  road.  In  the  case,  however,  of 
wagon  wheels  with  tires  beyond  4^  inches  in  breadth,  as  also  the  driving- 
wheels  of  steam  road-rollers,  this  want  of  equal  bearing  surface,  owing  to 
their  rigid  construction,  is  found  not  to  apply  after  they  have  been  in  use 
for  some  time.  The  inside  edges  of  these  wheels  for  a  time  carry  prac- 
tically aU  the  weight,  but  in  time  they  conform  through  wear,  especially 
in  the  case  of  rollers,  to  the  transverse  convexity  of  the  road  surface. 

16.  Traction  -  Engine  Wheel  Tires.  —  In  traction-  or  road-engines 
having  the  ordinary  rigid  tires,  with  diagonal  bars  at  the  periphery,  this 
wearing  away  or  conforming  to  the  section  of  the  road  does  not  take  place, 
or  at  least  to  a  very  limited  extent.  In  the  nature  of  the  work  of  these 
engines  travelling  over  all  conditions  of  roads  in  an  indifferent  state  of 
repair,  the  flat  form  of  the  tire  practically  remains  unaltered,  except,  pro- 
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bably,  the  edges  get  somewhat  rounded.  This  rounding  still  reduces  the 
bearing-surface,  in  some  cases  by  3^  inches,  even  should  it  bear  equally  in 
the  case  of  a  road,  of  which  the  surface  is  considerably  worn,  and  conse- 
quently flat  transversely. 


Table  VI. 
Showing  Weights  carried  by  various  Vehicles  under  varying  conditions. 


• 

Load  per 

Description  of  Vehicles. 

Width  of 
Tire. 

Load  on 

Wheel. 

inch  of 

Width  of 

Tire. 

Inches. 

Cwt 

Cwt 

TraeHofi'Bngine  weighing  12  tons  in  steam, 

two-thiids  of  weight  on  driying-wheels, 

and  bearing  equally  throughout   their 

width, 

18 

80 

4-44 

Traction-Engine,  with  a  bearing-surface  of 

50  per  cent  of  actual  width  of  wheel,    . 

18-9 

80 

8-88 

TraaionEngine,  with  a  bearinc-surface  of 
26  per  cent,  of  actual  width  of  wheel,     . 

18 -4i 

80 

17-76 

Traetion-Engine  weighing  0  tons  in  steam, 
two-thirds  of  weignt  on  driving-wheels, 

and  bearing  equally  throughout   their 

width, 

16 

60 

8-75 

Traction- Engine,  with  a  bearing-surface  of 

60  per  cent  of  actual  width  of  wheel,     . 

16-8 

60 

7-50 

Traetion-Engine,  with  a  bearing-surface  of 
25  per  cent,  of  actual  width  of  wheel,     . 

16-4 

60 

15  00 

Steam  JRoad-jRoller,  with  scarifier  attached, 

weighing  16}  tons  in  steam,  three-fifths 

of  weight  on  driving-wheels,  . 

18 

97-50 

5-42 

Steam  Eoad-BoUer,         do.             do. 

20 

97-50 

4-88 

Wagon  for  Steam  Traction,  weight  80  cwt, 
load    6    tons,   bearing  equally  on   tire 

throughout  the  full  width,     . 

8 

87-6 

4-69 

Wagon  for  Steam  Traction,  with  bearing- 

surface  of  56  per  cent  of  actual  width  of 

wheel, 

8-4i 

37-6 

8-38 

Wagon  for  Steam  Traction,  weight  28  cwt, 

load  4  tons,  bearing  equally  on    tires 
throughout  the  full  width,     . 

6 

27 

4-50 

Wagon  for  Steam  Traction,  with  bearing 

surface  of  78  per  cent  of  actual  width,   . 

6-4i 

27 

6  00 

Wagon /or  Steam  Traction,  weight  25  cwt. 

load  8  tons, 

4 

21-25 

6-81 

Bbrse  Wagon,  weight  21  cwt,  load  2  tons. 
Cart,  weight  9  cwt,  load  85  cwt,      . 

2 

15-25 

7-62 

4 

22 

5-6 

Cart,  weight  9  cwt.,  load  81  cwt,      . 

24 

20 

8-0 

From  the  above  it  follows  that  the  bearing-surface  at  the  point  of  con- 
tact between  the  wheel  and  the  road  is  reduced  to  one-half,  and  sometimes 
even  less,  on  a  road  having  the  surface  properly  formed  transversely.  On  a 
road  well  worn  or  comparatively  flat,  the  pressure  will  be  distributed  over  a 
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greater  surface,  and  in  the  event  of  such. surf  ace  heing  worn  so  that  it  forms 
a  level  transversely,  then,  and  then  only,  can  the  full  width  of  the  wheel 
hear  equally  on  the  road.  It  need  hardly  he  pointed  out  that  the  surface 
of  a  road  under  such  conditions  is  in  a  state  of  disrepair,  when  it  cannot  he 
expected  to  hear  even  the  distributed  weight  which  such  conditions  make 
possible. 

Table  VI.  illustrates  very  forcibly  the  conclusions  arrived  at  in  the 
preceding  paragraphs. 

The  effect,  on  the  surface  of  a  road,  of  the  passage  of  a  traction- 
engine,  during  and  immediately  after  a  fall  of  rain,  when  the  surface  is 
slightly  covered  with  mud,  clearly  proves  the  foregoing  statements.  On  a 
flat  transverse  surface  the  full  width  of  the  wheel  tire  is  clearly  defined ;  on 
a  road  having  only  a  moderate  curvature,  the  extent  of  the  impression 
caused  by  the  passage  of  the  engine  wheels  may  vary  from  75  per  cent,  to 
50  per  cent,  of  their  actual  width  of  tire ;  while  on  a  road  with  a  transverse 
curvature  or  convexity  according  to  present  practice,  an  impression  of  not 
much  more  than  25  per  cent  of  the  actual  width  of  the  wheel  tire  is  visible 
on  the  surface  of  the  road. 

It  is  evident,  therefore,  that  in  the  case  of  a  traction-engine,  the  wheels 
of  which  only  touch  the  road  surface  for  4J  inches  of  their  width,  a  very 
heavy  strain  is  imposed  on  the  material  comprising  the  road  covering. 
During  dry  weather  this  excessive  weight  causes  a  considerable  amount  of 
abrasion  of  the  material  at  the  surface  of  the  road.  When  thaw  succeeds 
frost,  and  the  immediate  surface  of  the  road  coating  is  in  a  somewhat  loose 
state,  the  passage  of  traction-engines  has  the  effect  of  greatly  disturbing  the 
materials  of  the  road-crust  on  roads  generally,  and  is  extremely  trying  even 
on  those  which  are  repaired  with  the  best  possible  class  of  macadam  and 
maintained  in  the  best  condition.  It  often  happens,  after  alternating  frost 
and  thaw,  that  the  road  coating  is  affected  to  a  greater  or  less  depth ;  and 
at  such  times  the  passage  of  a  traction-engine  over  a  road  causes  consider- 
able damage  by  crushing  the  stones  comprising  the  coating,  and  in  many 
instances  lifting  and  displacing  patches  of  the  material. 

17.  Vehicles  with  Narrow  Wheels. — Vehicles  with  narrow  wheels  carry- 
ing  heavy  loads  cause  much  damage  under  similar  conditions,  particularly  on 
a  road  where,  with  but  little  passing  traffic  to  cause  the  vehicles  to  follow  a 
zigzag  course  and  change  their  position,  they  run  in  tracks  and  form 
hollows  in  the  surface.  The  increased  cost  of  maintaining  roads  under 
these  circumstances  clearly  points  to  the  necessity  of  having  improved  tires 
for  vehicles,  or  of  adopting  more  stringent  measures  for  regulating  such 
traffic  under  the  adverse  conditions  alluded  to. 

18.  Improvement  of  Traction-Engine  Wheel  Tires. — More  particularly 
in  the  case  of  traction-engines  does  the  necessity  exist  for  some  form  of 
flexible  driving-wheels  which  would,  by  the  construction  of  the  tires,  dis- 
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tribute  the  weight  in  a  Tiniform  manner  over  the  actual  width  of  wheel,  and 
at  the  same  time  minimize  vibration,  which  in  the  ordinary  traction-engine 
causes  considerable  damage  to  buildings  situated  near  the  road  traversed. 

Attempts  have  been  made  from  time  to  time  to  attain  this  object,  and 
while  in  many  cases  the  vibration  has  been  considerably  reduced,  the  rigid 
tire  has  always  been  conspicuous  by  its  presence. 

Boulton's  flexible  wheel,  patented  some  years  ago,  has  supplied  in  a 
great  measure  the  requirements  so  necessary  for  the  effective  distribution  of 
the  weight  to  the  surface  of  the  road,  and  the  ehmination  of  vibration. 

The  description  of  this  wheel,  or  rather  the  tire,  may  be  briefly  stated  as 
follows : — The  driving-wheel  is  7  feet  in  diameter  and  16  inches  wide.  The 
periphery  of  the  wheel  consists  of  a  deep  rim  divided  into  sixty- eight  cells  or 
compartments,  two  in  the  width  of  tire  and  breaking  joint  with  each  other. 
Into  these  cells,  which  are  about  6^  inches  square  and  9  inches  deep,  hard- 
wood blocks  are  fitted,  with  an  allowance  for  a  suitable  amount  of  radial 
play.  Each  block,  with  the  grain  of  the  wood  pointing  outwards,  is  bound 
round,  near  the  lower  end,  with  an  iron  band.  The  blocks  rest  on  an  india- 
rubber  cushion  5^  inches  square  and  I  inch  thick,  or  some  other  elastic 
material  sufficiently  yielding  to  absorb  the  jar  while  working.  The  blocks 
are  attached  to  the  inner  rim  of  the  tire  by  a  bolt  let  into  the  wood  block 
several  inches ;  it  then  passes  through  the  elastic  pad  and  inner  rim,  and  is 
secured  by  a  nut.  The  recess  at  outer  end  of  block  is  fitted  with  a  wood 
plug.  As  the  wheel  revolves,  the  weight  comes  on  three,  four,  or  five 
blocks,  the  indiarubber  pads  are  compressed  while  the  bolts  work  freely  in 
the  slot  of  the  inner  rim,  and  the  blocks  adapt  themselves  to  the  surface  of 
the  road. 

With  this  class  of  tire  it  is  evident  that,  as  four  or  more  of  these  hard- 
wood blocks  bear  on  the  road  surface  at  the  same  time,  the  weight  is  dis- 
tributed both  transversely  and  longitudinally.  By  this  arrangement  the 
pressure  on  the  road  is  considerably  reduced,  the  weight  being  spread  over  a 
considerable  area.  In  the  case  of  a  traction-engine  weighing  12  tons,  the 
pressure  with  three  blocks  in  contact  with  the  road  surface  only  amounts  to 
a  little  over  J  cwt.  per  square  inch. 

It  will  be  readily  understood  that,  apart  from  doing  any  damage  to  the 
road  surface,  the  engine  is  much  more  efficient,  especially  when  ascending 
steep  gradients,  by  reason  of  the  increased  contact  surface  afibrded  by  the 
wood  blocks.  As  showing  that  traction-engines  fitted  with  Boulton's  patent 
springs  cause  little  or  no  damage  to  the  roads,  it  may  be  mentioned  that  the 
Ashton-under-Lyne  Town  Council  do  not  charge  a  travelling  fee  for  them 
when  they  pass  through  that  borough.  When  moving  the  confirmation  of 
the  minutes  recording  this  arrangement,  the  Mayor  said : — "  The  Council 
would  see  from  one  of  the  minutes  that  the  committee  had  agreed  to  accept, 
without   cost,  traction-engines  fitted  with  Boulton's  patent  spring  wheels. 
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They  found  that  these  wheels  did  little  or  no  damage  whatever,  and  they 
thought  it  would  pay  them  better  to  admit  these  engines  than  admit  other 
traction-engines  with  the  ordinary  wheels  at  the  usual  payment." 

19.  Exoessive  Weights  on  WheelB. — Heavy  weights  carried  on  vehicles 
with  narrower  tires  than  4^  inches  cause  considerable  wear  even  on  a  hard 
dry  road,  and,  as  has  been  pointed  out,  the  damaging  effect  during  alterna- 
ting frost  and  thaw  is  a  very  serious  matter.  The  proper  width  of  tire,  or 
proper  load  upon  any  vehicle  for  a  given  width  of  tire,  is  a  question  which 
deserves  more  attention  than  is  usually  accorded  to  it. 

The  by-laws  controlling  the  weights  to  be  carried  on  wheels  should 
certainly  restrict  these  weights  to  about  5  cwt.  per  inch  of  actual  bearing 
surface  on  vehicles  without  springs.  This  pressure  is  almost  similar  to 
that  exerted  by  a  15.ton  road  roller  which  makes  the  road  for  the  traffic. 
If  the  weight  carried  on  the  tires  of  any  description  of  vehicle  were  not  to 
exceed  this  standard,  infinitely  less  damage  would  result  to  the  road  surface, 
and  a  corresponding  decrease  in  the  cost  of  maintenance  would  be  effected. 
Vehicles  in  a  state  of  disrepair,  such  as  those  having  a  slightly  bent  axle  or 
an  excessive  play  between  the  nave  and  axle,  aggravate  the  evil,  and  also 
create  an  additional  burden  on  the  horses  drawing  the  vehicles. 

Sir  J.  Macneil  stated  before  the  Committee  on  Steam  Carriages  in  1831, 
that^  from  his  experience  on  the  road  between  London  and  Shrewsbury,  he 
considered  a  wheel  should  have  a  tire  an  inch  in  width  for  every  5  cwt.  of 
load.  Telford  was  of  opinion  that  the  weight  should  not  exceed  ]  ton 
upon  each  wheel;  while  Macadam,  speaking  from  his  experience  of  the 
Metropolitan  roads,  considered  that  the  maximum  load  should  not  exceed 
9  cwt.  per  inch  of  width  of  tire.  This  latter  weight  is  undoubtedly  too 
much  for  roads  even  in  first-class  repair. 

20.  Effect  of  Springs  on  Vehicles. — Experiments  have  shown  that 
vehicles  on  springs  diminish  the  wear  of  roads,  especially  at  speeds  beyond 
a  walking  pace.  Going  at  a  trot,  they  were  found  not  to  cause  more  wear 
than  vehicles  without  springs  at  a  walk,  all  other  conditions  being  similar. 
Vehicles  with  springs  improperly  fixed  cause  considerable  concussion,  which 
in  its  turn  destroys  the  road  coating.  If  the  surface  of  the  road  be  irregular, 
there  is  increased  draught,  and  this  also  means  additional  wear  by  the 
horses'  feet. 

The  size  of  a  wheel  has  also  an  important  bearing  on  the  wearing  of 
roads,  a  wheel  of  small  diameter  causing  relatively  much  more  wear  than 
one  of  large  diameter.  Wheels  of  the  common  size,  or  about  6  feet  in 
diameter,  are  considered  best ;  they  also  reduce  the  draught  for  the  horses. 


CHAPTER    IL 

LAYING  OUT  NEW  ROADS,  AND  THE  IMPROVEMENT  OF  EXISTING  LINES  OF 

COMMUNICATION. 

Thb  selection  or  location  of  country  roads  is  carried  out  by  making  an 
examination  or  reconnaissance  of  the  tract  of  country  to  be  traversed,  so  as 
to  obtain  the  requisite  data  for  the  purpose  of  determining  the  best  route 
and  gradients  for  the  proposed  line  of  communication. 

21.  The  most  direct  or  shortest  practicable  route  between  two  points  at 
once  suggests  itself ;  but  this,  in  every  case,  must  be  governed  by  the  natural 
features  of  the  surface  of  the  country.  The  object  aimed  at  is  to 
ascertain  the  most  favourable  direction  in  which  to  lay  out  a  road,  so  as  to 
convey  the  traffic  with  the  least  expenditure  of  motive  power  consistent 
with  reasonable  economy  in  construction  and  in  the  subsequent  maintenance 
of  the  road  and  works. 

22.  "  Economy  of  motive  power  is  promoted  by  low  summit-levels,  flat 
gradients  (as  the  rates  of  declivity  of  lines  of  land-carriage  are  called),  easy 
curves,  and  a  direct  line;  but  limitations  to  the  height  of  summits,  the 
steepness  of  gradients,  and  the  sharpness  of  curves,  limit  also  the  power  of 
adapting  the  line  to  the  inequalities  of  the  ground,  and  so  economizing 
works."  ♦ 

In  a  thickly  populated  district  the  new  line  of  communication  is  to  a 
certain  extent  predetermined  by  the  existence  of  towns  and  villages,  while 
in  a  sparsely  populated  tract  of  country  greater  liberty  in  selecting  the  route 
to  be  followed  is  permissible,  as  the  natural  character  of  the  country  alone 
would  form  the  basis  for  selection. 

In  either  case  the  engineer,  in  laying  out  the  line  of  a  new  road,  must 
be  governed  by  the  principles  laid  down  in  the  preceding  chapter,  in  so  far 
as  the  gradients  are  concerned. 

28.  BecoTmaiBBance. — ^The  general  series  of  operations  preliminary  to 
the  formation  of  a  new  line  of  communication  are  the  examination  or 
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reconnaissance  of  the  country  between  the  points  to  be  connected,  taking 
note  of  the  physical  features  of  the  country,  its  geological  formation  and 
sources  from  which  materials  for  construction  may  be  obtained,  and  the 
probable  requirements  of  the  district  to  be  passed  through.  In  this  work 
the  engineer  will  be  greatly  aided  by  obtaining  the  best  and  most  reliable 
maps  of  the  district.  Flying-levels  are  generally  taken  concurrently,  in 
order  to  ascertain  the  elevations  of  detached  points,  such  as  passes  across 
ridges,  and  valleys,  also  points  where  structures  of  magnitude  may  be 
required. 

24.  General  Principles  to  be  observed  in  the  Field. — In  laying  out 
a  line  for  a  new  road,  the  following  data  should  be  carefuUy  noted  and 
recorded  in  the  field-book  :— 

Examine  the  inclination  of  the  strata,  their  nature  and  condition  as  to 
dryness. 

Have  the  siurface  of  road  exposed  as  much  as  possible  to  the  action  of 
the  air  and  sun's  rays. 

Cross  valleys  and  passes  at  right  angles. 

Examine  beds  of  rivers  at  proposed  crossings  and  up  and  down  stream, 
with  a  view  to  secure  stable  foundations  for  bridges,  culverts,  etc. 

Examine  sources,  accesses,  and  distances  of  the  supply  of  material  for 
the  erection  of  structural  works,  and  for  stones  suitable  for  the  road- 
covering. 

Ascertain  accurately  the  level  of  all  existing  lines  of  communication, 
such  as  railways,  roads,  canals,  and  of  rivers  and  streams. 

25.  Method  of  selecting  Final  Bonte.— It  is  advisable,  before  finally 
fixing  the  direction  which  a  new  road  may  take,  to  lay  out  two  or  more 
trial  lines  in  order  that  a  comparison  can  be  made  and  it  may  be  seen 
which  so  far  complies  with  the  following  requirements.  One  of  the  prin- 
cipal conditions  which  every  line  of  communication  should  satisfy  is  that  it 
connects  the  two  points  by  the  shortest  practicable  route  consistent  with  flat 
gradients  and  economy  of  construction.  A  uniform  gradient  can  always  be 
obtained,  when  there  is  a  continual  rise  of  the  ground  from  the  point  of 
departure  and  the  point  where  the  road  crosses  the  ridge,  in  a  serpentine 
course,  by  following  the  sinuous  and  irregular  formation  of  the  ground.  It 
is  necessary  to  join  the  straight  portions  of  the  line  at  the  points  of  change 
of  direction  by  curves,  concave  towards  the  hollows,  and  convex  going  round 
the  projecting  spurs  of  land.  A  return  to  the  straight  line  is  advisable,  and 
should  be  given  effect  to  at  every  opportunity.  It  is  also  essential  that  a 
uniform  ascent  be  obtained  between  the  two  points  which  are  to  be  con- 
nected, in  order  to  avoid  unnecessary  ascents  and  descents,  thus  causing  a 
loss  of  motive  power.  Long  reaches  of  level,  especially  in  cuttings,  should 
be  avoided,  as  they  add  to  the  difficulty  of  drainage,  and  to  the  subsequent 
cost  of  the  maintenance  of  the  road. 
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26.  Boads  in  Mountainoiis  BistrictB. — In  very  hilly  districts  the  route 
may  have  to  he  formed  in  a  zigzag  fashion  in  order  to  maintain  the 
'  maximum '  gradient.  It  is  advisahle  that  the  curved  portions  (which  are 
generally  somewhat  ahrupt),  connecting  the  straight  sections,  should  have  the 
gradient  reduced  so  as  to  conduce  to  the  safety  of  vehicles  descending.  The 
gradients  of  roads  may  he  classed  into  those  suitable  (1)  for  fast  traffic; 
(2)  for  mixed  traffic ;  and  (3)  for  ordinary  agricultural  transit.  The  first 
will  he  best  satisfied  with  maximum  gradients  of  1  in  50,  the  second  with 
gradients  of  I  in  30,  and  the  third  with  gradients  of  I  in  20.  These 
gradients  should,  if  possible,  be  strictly  adhered  to ;  but  under  certain  con- 
ditions, the  physical  features  of  a  district  involving  great  expenditure  in 
the  construction  of  the  works,  gradients  for  short  distances  may  be  increased 
to  I  in  30  for  fast  traffic,  and  1  in  15  for  agricultural  haulage.  Marshy  or 
very  wet  soils  should  be  avoided,  owing  to  the  difficulty  of  obtaining  a  firm 
foundation  for  the  road,  and  such  places  can  only  be  made  satisfactory  by  an 
effective  system  of  drainage,  the  cost  of  which  would,  in  most  cases,  greatly 
exceed  the  additional  expenditure  incurred  by  deviating  from  the  proposed 
line,  even  though  this  should  entail  a  considerable  detour. 

27.  Topography. — As  bearing  upon  the  general  information  necessary 
to  successfully  lay  out  a  line  of  communication,  it  is  advisable,  when  exploring 
a  district,  to  observe  the  following  positions,  which  are  of  primary 
importance. 

The  physical  features  of  a  tract  of  country  present  an  undulating  and 
irregular  formation,  and  endless  varieties  of  forms  and  combinations.  On 
close  examination,  however,  two  classes  of  lines  or  conditions  of  formation 
are  perceived  to  exist,  which  go  to  make  up  the  general  form  of  the  surface 
of  the  earth.     These  are  called  ridge-lines  and  valley-lines. 

28.  Eidge-Lines. — A  ridge-line  is  distinguished  by  the  property  that 
along  the  whole  of  its  course  it  is  higher  than  the -ground  immediately 
adjacent  to  it  on  either  side ;  it  is  seldom  straight  or  level  throughout  any 
considerable  part  of  its  length,  and  is  generally  irregular  both  vertically  and 
horizontally. 

The  lower  points  or  depressions  on  a  ridge-line  are  termed  passes ;  the 
best  point  to  cross  a  ridge  is  generally  by  one  of  the  lowest  passes. 

29.  Valley-Lines. — A  valley-line,  on  the  other  hand,  is  distinguished  by 
the  property  that  along  the  whole  of  its  course  it  is  lower  than  the  ground 
immediately  adjacent  to  it  on  either  side ;  or,  in  other  words,  the  ground 
slopes  upwards  from  it  on  both  sides.  Being  the  lowest  point  in  the 
adjacent  surroundings,  the  water  on  the  surface  of  the  ground  necessarily 
flows  towards  the  valley-line  and,  except  when  it  is  landlocked,  runs  along 
it  in  streams,  sometimes  called  'water-course  lines.'  Like  a  ridge-line,  a 
valley-line  is  seldom  level  or  straight  throughout  any  considerable  part  of 
its  length. 
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Bivei8  intersect  the  country  in  various  directions,  and  between  their 
point  of  discharge  at  the  sea  and  the  interior,  the  main  or  larger  river  is 
joined  in  its  course  by  lesser  ones  or  tributaries,  which,  in  their  turn,  are 
joined  by  brooks  and  rills. 

80.  Maps. — Old  maps  or  plans  of  a  country  showing  the  rivers  and 
principal  water-courses  give  a  tolerably  good  idea  of  the  direction  of  the 
valley-lines,  while  the  Ordnance  Maps  of  Britain,  on  the  scale  of  six 
inches  to  one  mile,  show  the  principal  contour-lines  at  every  50  feet  of 
elevation  in  the  flatter  parts  of  the  country,  and  at  every  100  feet  of 
elevation  in  the  more  hilly  parts. 

The  latter  are  of  great  value  to  the  engineer,  as  a  means  of  enabling  him 
to  select  the  best  line  for  the  trial  sections  of  a  proposed  Hne  of  road. 

A  projected  road  may  be  limited  to  the  connecting  of  several  points  in 
the  same  valley,  or  it  may  have  to  connect  points  in  two  or  more  valleys. 
In  the  former  case,  the  line  of  communication  may  be  wholly  situated  on  one 
side  of  the  river  or  stream,  which  is  the  simplest  case  met  with  in  practice. 
On  the  other  hand,  the  points  to  be  connected  may  be  situated  on  the 
opposite  sides  of  a  valley  and  separated  by  a  river ;  while  in  extreme  cases, 
such  as  in  a  narrow  valley,  owing  to  the  physical  features  of  the  ground, 
the  line  of  the  proposed  road  may  have  to  be  carried  over  the  river  or 
stream  several  times  where  the  waterway  cannot  be  deviated,  or  when  a 
suitable  line  for  the  road  cannot  be  obtained  except  by  a  deep  rock-cutting 
or  tunnel.  In  carrying  out  an  extensive  road  system,  it  often  happens  that 
all  the  cases  mentioned  have  to  be  dealt  with,  frequently  perhaps,  through- 
out its  course. 

31.  When  practicable,  the  line  of  road  should  be  laid  out  on  the  driest 
ground  available,  and  its  position  should  be  such  that  the  surface  is  exposed 
to  the  joint  action  of  sun  and  wind.  Roads  made  in  the  lowest  parts  of  a 
valley  are  subject  to  flooding,  while  those  nmning  along  the  side  of  a  hill, 
especially  where  the  strata  dips  towards  the  valley,  are  liable  during  and 
immediately  after  a  storm  of  rain  to  suffer  from  land  and  earthwork  slips, 
as  weU  as  surface- washings. 

32.  Longitudiiial  and  Cross  Sections. — In  taking  trial  sections  the 
method  usually  followed  is  to  supplement  the  information  by  taking,  at 
different  points  (especially  where  the  surface  of  the  ground  is  irregular) 
along  the  line  or  route,  cross-sections  of  considerable  length.  This  gives  a 
good  idea  of  the  best  direction  which  the  centre-line  of  the  intended  road 
should  follow  in  order  to  avoid,  as  much  as  possible,  unnecessary  cuttings 
and  embankments. 

In  explanation  of  this,  let  A  B,  flg.  8,  be  a  portion  of  the  proposed  road, 
and  c  c  the  breadth  of  country  under  consideration  for  this  purpose.  At 
any  points  along  the  line,  depending  on  the  changes  of  level  of  the  surface 
of  the  ground,  8  «,  contour-lines  are  measured  off  and  fixed  at  right  angles  to 
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A  B.  These  lines  should  be  accurately  levelled,  and  then  drawn  on  the 
plan  of  the  line  of  road. 

The  etched  lines  show  the  form  of  the  surface  of  the  ground  along  the 
lines  AB  and  cc  on  the  plan,  and  there  is  no  difficulty  in  seeing  the 
extent  of  cutting  and  filling  required,  and  in  determining  how  the  position 
of  the  intended  line  may  be  varied  with  reference  to  the  natural  surface  of 
the  ground,  so  that  the  cost  of  construction  may  be  reduced  to  the  smallest 
possible  amount.  When  two  or  three  trial  sections  are  taken  between  the 
same  points,  the  various  lines  should  be  compared  in  order  to  ascertain  their 
relative  advantages.  If  the  centre-line  be  changed  in  position  after  due 
consideration  of  the  foregoing,  care  should  be  exercised  in  laying  down 
regular  curves  of  proper  radii  to  join  the  straight  portions  in  the  altered 
position  of  the  line  of  road. 

33.  Laying  Out  Grade-Line  in  Hilly  Districts. — Another  method  is 
sometimes  followed  when  working  in  a  gradient  round  the  face  of  a  hill  in 
mountainous  districts  where  the  maximum  gradient  must  be  kept  sight  of 
continually.     The  lower  portions  of  the  hills  in  approaching  valley*  are 


Fio.  8.— Trial  sections. 

generally  flatter  than  those  at  and  near  the  summit,  and  the  line  of  road 
may  be  carried  out  in  any  desired  direction  which  will  be  a  continuation  of 
the  portion  of  road  from  the  higher  points.  The  proper  course  is  to  start 
the  trial  section  from  the  pass  at  the  summit  and  work  downhill,  the 
maximum  gradient  line  being  staked  off,  and  the  position  afterwards 
surveyed  and  laid  down  on  the  plan,  when  any  irregularities  in  the  line 
may  be  corrected  so  as  to  show  regular  curves. 

Besting-places,  or  comparatively  level  stretches,  are  sometimes  intro- 
duced when  the  gradients  are  steep  and  continuous  :  these  should  be  pro- 
vided at  convenient  intervals  along  the  line  of  road. 

34.  Loss  of  Height. — In  selecting  the  position  for  a  proposed  road, 
care  should  be  exercised,  as  already  pointed  out,  to  avoid  useless  ascents  as 
much  as  possible  when  a  subsequent  descent  must  be  made,  and  the  reverse, 
that  is,  introducing  an  intermediate  rise  in  a  descending  gradient.  An 
instance  of  this,  owing  to  the  manner  in  which  the  road  was  laid  out  with 
numerous  and  extensive  useless  ascents,  has  been  noticed  in  the  historical 
sketch,  page  26. 
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85.  Working  Plans  and  Sections,  Staking  Out  Centre-Line,  Speci- 
fications and  Estimates. — Subsequent  to  these  preliminary  operations,  the 
survey  for  the  working-plan  is  commenced,  on  which  is  delineated  the 
centre-line  of  the  intended  road  as  finally  fixed  upon.  The  centre-line  is 
then  transferred  on  to  the  ground  and  pegs  driyen  in  at  intervals,  the  end 
of  the  straight  portions  being  indicated  by  two  pegs.  This  operation  is 
carried  on  until  the  whole  length  of  road  has  been  staked  off,  when  the 
working-section  is  proceeded  with. 

This  longitudinal  section  of  the  route  is  based  on  accurate  levellings  and 
measurements  taken  along  the  centre-line  as  staked  out,  and  afterwards 
laid  down  on  paper  to  suitable  scales,  with  a  horizontal  line  showing  the 
datum,  a  line  representing  the  surface  of  the  ground,  and  lines  marking  the 
levels  of  the  proposed  work.  The  apex,  or  meeting-point  of  all  gradients, 
should  be  rounded  off  by  a  vertical  curve,  as  shown  in  fig.  9.  Information 
as  to  depth  of  cuttings  and  height  of  embankments  and  other  relative  matter 
should  be  marked  in  figures  on  the  section.  Level-pegs,  numbered  from  0 
upwards,  are  driven  into  the  ground  at  regular  distances  of  100  to  300  feet, 
depending  on  the  irregularity  of  the  surface  of  the  ground,  cross-sections 


Fig.  9. 

being  taken  at  these  and  other  intermediate  points  if  necessary,  and  plotted 
on  the  longitudinal  section  to  a  natural  scale.  Bench-marks  of  a  permanent 
nature  should  also  be  established  at  certain  fixed  points,  such  as  near  the 
site  of  a  bridge  or  at  a  change  of  gradient.  When  this  is  accomplished,  the 
detailed  drawings  of  the  various  works  embraced  on  the  line  of  road  can  be 
completed,  and  the  quantities  of  earthwork  in  the  cuttings  and  embankments 
ascertained,  when  an  estimate  of  the  probable  cost  of  constructing  the  road 
can  be  made  with  a  certain  degree  of  accuracy.  To  ensure  greater  precision,, 
trial  pits  and  borings  are  sometimes  made  with  a  view  to  ascertain  the 
nature  of  the  strata  of  which  the  ground  is  composed  along  the  line  of 
works,  which  information,  apart  from  its  immediate  use  in  forming  a 
correct  estimate  of  the  cost,  should  be  marked  on  the  plan  and  section  for 
future  reference. 

86.  Intermediate  Towns. — It  will  be  a  matter  for  consideration,  in 
laying  out  a  proposed  new  road  between  two  distant  points,  whether  or  not 
the  towns  which  are  situated  at  some  distance  from  the  line  of  com- 
munication projected  should  be  accommodated  by  branch  roads  striking 
off  the  direct  road,  so  that  all  the  towns  and  villages  within  reasonable  dis- 
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tance  may  be  put  in  nftitual  connection.  Commercial  considerations,  as 
well  as  the  physical  character  of  the  ground,  must  govern  this  to  a  great 
extent.  Assume  in  the  following  instance  that  A  and  B,  fig.  10,  are  two 
important  towns  which  it  is  desired  to  connect  with  as  direct  a  road,  and 
with  as  easy  gradients,  as  the  nature  of  the  interrening  ground  will  admit 
of,  and  that  at  some  distance  from  A  there  is,  on  one  side  of  the  direct  line, 
an  intermediate  town  C,  where  an  industry,  though  limited,  is  carried  on. 
Examination,  however,  shows  that  the  village  C  is  situated  at  a  consider- 
ably higher  elevation  than  the  proposed  road  between  A  and  the  point  D, 
and  onwards  for  some  distance  in  the  direction  of  B.  This  physical 
condition  or  difficulty  would,  if  C  were  put  in  direct  connection  with 
A  and  B,  and  indicated  by  the  dotted  lines  A,  C,  £,  practically  convert 
what  would  otherwise  be  a  well-laid-out  road,  having  easy  gradients,  into 
one  having  steep  inclines,  necessitating  a  useless  expenditure  of  motive 
power  in  transporting  merchandise  along  what  would  then  be  the  main 
road  if  C  were  on  the  direct  line.  It  is  manifest,  therefore,  that  the  town 
represented  by  C  would  be  better  accommodated,  having  regard  to  the 
traffic  on  the  line  of  communication  A  B,  by  making  a  branch  road  C  D. 


Fig.  10. 

Further,  in  the  direct  line  towards  B  there  are  two  rising  villages,  F  and 
G,  from  which  a  considerable  prospective  traffic  is  expected  between  the 
principal  towns  A  and  B,  and  vice  versa.  It  is  desirable  that  each  should 
be  situated  so  that  the  main  road  will  pass  through  them,  but  it  is  apparent  ^  . 

that  this  arrangement  is  impossible,  as  the  detour,  apart  from  any  other  \  ^ 

consideration,  would  be  very  great,  adding  materially  to  the  length  of  the 
main  road. 

Branch  roads  could  be  laid  down  at  right  angles  to  the  main  road,  but 
the  extra  haulage,  and  consequent  enhanced  cost  in  the  selling-price  of 
goods,  demands  some  consideration.  Assume  that  the  traffic  from  each  of 
the  points  F  and  G  will  amount  to  about  the  same  tonnage,  therefore  an 
equal  claim,  so  far  as  traffic  is  concerned,  exists  in  either  case  for  direct 
communication.  The  physical  character  of  the  ground  at  and  from  these 
points  in  relation  to  the  line  A  B  will,  however,  decide  which  village  should  < 
have  the  advantage  of  being  placed  on  the  main  road.  If  it  is  found  on 
examination,  and  after  rimning  trial-sections  from  the  line  A  B  to  F  and  G,  > 
with  a  view  to  deviate  the  direct  road,  that  the  ground  towards  F  is     ^ 
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practically  the  same  as  on  the  direct  line,  while  at  the  point  G  it  is  some- 
what lower,  and  the  surface  of  the  ground  in  the  direction  of  J  and  E  very 
irregular,  it  is  quite  clear  through  which  village  the  main  road  should  pass. 

The  route  thus  decided  upon  will  therefore  foUow  the  letters  A,  D,  £,  H, 
F,  and  I  to  B.  The  point  G  may  be  connected  by  a  line  from  there  towards 
the  main  road  A  B  at  J  or  £[,  but  as  this  would  entail  considerable  extra 
haulage  in  a  direction  opposite  to  that  in  which  the  connecting  road  may  be 
fixed  upon,  it  is  evident  that  this  arrangement  would  affect  the  traffic 
from  G  to  a  considerable  extent,  and  other  means  calculated  to  avoid  this 
detour  are  obviously  necessary. 

This  can  be  effected  by  laying  down  two  branch  roads  G  J  and  G  K, 
and  the  point  G  may  now  be  considered  in  as  good  a  position  in  relation  to 
the  main  road  as  the  point  F.  It  must  be  remembered,  however,  that  the 
gradients,  as  has  already  been  pointed  out,  from  G  to  J  and  G  to  K  are  not 
so  favourable  to  traction  compared  with  the  deviated  part  of  the  direct  line 
H,  F,  I.  The  saving  in  transport  on  the  shorter  route  will  be  proportionate 
to  the  tonnage  carried,  and  assuming  the  distance  saved  to  be  one  mile,  it  is 
evident  that  a  saving  of  sixpence  per  ton  at  least  would  be  effected  on  each 
ton  of  goods  conveyed  between  these  two  points,  which  would  represent  a 
considerable  sum  of  money  per  annum. 

87.  Laying  out  New  Boads  in  actual  practice In  the  following 

instance,  taken  from  actual  practice,  the  object  in  view  was  to  lay  out  a  new 
line  of  communication  to  connect  two  existing  roads  running  nearly  parallel, 
and  at  a  distance  of  about  I^  miles  from  each  other. 

The  existing  roads  are  situated  in  separate  valleys,  with  a  hill  or  ridge 
intervening,  and  the  only  connection  between  them  was  formerly  by  a  road 
having  gradients  at  several  points  of  I  in  18,  and  at  one  or  two  points  I  in 
10.  By  the  construction  of  the  new  road  a  detour  or  saving  in  distance  of 
If  miles  was  effected. 

The  class  of  traffic  to  be  accommodated  consisted  of  fast  and  slow 
vehicles,  in  other  words,  mixed  traffic,  and  a  maximum  gradient  of  I  in  30 
was  therefore  fixed  upon  as  that  fulfilling,  under  the  circumstances,  the 
conditions  already  laid  down  in  this  and  the  preceding  chapter.  Fig.  II, 
Plate  I.,  shows  the  two  existing  and  nearly  parallel  roads.  A,  B,  0  and 
D,  £,  F,  while  the  cross  road,  which  formed  the  only  connection  between 
these  previous  to  making  the  new  one,  is  shown  at  A  D  on  plan.  Owing  to 
a  continued  and  increasing  traffic  to  and  from  the  coast  in  a  south-westerly 
direction,  it  was  considered  desirable  to  establish  a  more  direct  route, 
having  gradients  over  which  fast  traffic  could  be  conducted  without  much 
inconvenience  to  the  prime  mover.  The  first  matter  necessary  to  be  deter- 
mined was  at  what  point  the  intended  road  should  leave  the  existing  one 
between  A  and  C.  Fig.  12  shows  a  longitudinal  section  of  this  road,  and 
as  the  new  road  must  necessarily  start  on  a  rising  gradient,  it  is  evident  that 
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the  most  suitable  spot  of  departure  is  at  B,  because  it  is  the  highest  point  on 
the  existing  road.  This  point,  therefore,  was  fixed  on  as  the  starting-place 
for  the  intended  road.  The  point  of  arrival  on  the  road  D  F  had  likewise 
to  be  determined,  and  on  referring  to  a  section  of  this  road,  fig.  12,  it  would 
appear  the  farther  east,  or  in  the  direction  of  D,  the  junction  was  made, 
that  the  gradients  would  be  flatter.  No  doubt  this  is  the  case,  but,  on  the 
other  hand,  this  would  to  a  certain  extent  defeat  the  object  in  constructing 
the  new  road,  namely,  that  of  as  direct  a  route  as  possible.  By  going  too 
far  in  the  direction  of  F  an  unnecessary  ascent  would  have  to  be  overcome 
which  would  only  make  the  new  road  longer  without  any  compensating 
advantage. 

The  point  E  was  therefore  fixed  upon  as  the  termination  of  the  intended 
road  and  junction  with  the  existing  one,  D  F. 

The  first  consideration  in  laying  out  a  new  road  being  that  of  a  direct 
route,  a  trial  Une  may  be  drawn  on  plan,  fig.  II,  between  the  point  of 
departure  B  and  the  terminal  point  E,  in  order  to  show,  in  this  particular 
instance,  that  the  shortest  route  must  be  subservient  to  that  having  suitable 
gradients.  A  section  of  the  intervening  ridge  between  the  existing  roads 
situated  in  the  two  different  valleys,  made  from  the  contour  lines  on  plan, 
clearly  shows  that  such  a  route  is  impracticable,  owing  to  the  steep  ascents 
and  descents  on  either  side  of  the  ridge.  This  can  generally  be  seen  at  a 
glance,  as  the  steepest  parts  of  the  surface  of  the  ground  are  at  right  angles 
to  the  contour  lines.  The  route  for  the  new  road  had  therefore  to  be  laid 
out  along  the  slope  of  the  hill  in  a  direction  tending  towards  E ;  and  crossing 
the  ridge  at  its  lowest  point  or  pass  G,  the  line  of  road  was  then  continued 
in  a  southerly  direction  to  its  termination  at  E. 

On  referring  to  the  Ordnance  Map,  a  reduced  copy  of  which  is  shown  in 
fig.  11,  it  will  be  observed  that  the  summit  level  is  384*00  feet^  while  the 
height  of  the  existing  road  at  the  point  B  is  134  00,  or  a  difference  of 
250*00  feet.  The  approximate  length  of  road  between  these  points  was  ascer- 
tained to  be  about  8180  feet,  giving  a  uniform  gradient  from  B  to  G  some- 
what easier  than  1  in  30.  As  this  was  the  rate  of  inclination  originally  fixed 
upon,  and  as  there  would  be  no  necessity  under  the  circumstances  to  form 
a  heavy  embankment  immediately  south  of  the  point  B,  where  the  ground  is 
low,  which  would  be  the  case  if  the  maximum  gradient  were  commenced 
from  the  existing  road  at  that  point,  it  was  decided  to  lay  out  the  portion 
from  the  point  B  for  a  distance  of  289  yards  with  a  gradient  of  1  in  50. 

The  difference  of  level  in  comparison  to  the  length  of  road  also  admitted, 
having  regard  to  the  maximum  gradient  fixed  upon,  of  a  short  level  stretch 
being  introduced  on  the  line  of  new  road  midway  between  the  point  B  and 
the  summit  G. 

The  method  followed  in  laying  down  the  approximate  route  was  to  start 
from  the  fixed  point  G,  and  stake  out  the  maximum  gradient  line,  on 
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the  surface  of  the  ground,  down  hill  on  the  north  side  of  the  ridge.  A 
somewhat  similar  process  was  carried  out  in  fixing  the  direction  of  the  line 
between  the  summit  and  the  point  £,  heing  the  lowest  point  of  the  yaUey 
at  the  stream,  and  requiring  an  embankment  of  considerahle  height. 

The  whole  length  of  the  proposed  route  was  then  surveyed,  and  the 
horizontal  position  of  the  gradient  pegs  carefully  plotted  on  the  plan  as 
shown,  with  dotted  lines  between  them.  The  method  here  pursued,  owing 
to  the  irregular  formation  of  the  ground,  necessitated  the  route  following  a 
■sinuous  course. 

The  final  line  was  then  adjusted  on  the  plan,  following  the  position  of 
the  gradient  pegs  as  near  as  possible,  in  giving  the  line  a  regular  course 
with  straight  lines  and  easy  curves,  regard  being  paid,  with  a  view  to  a 
moderate  outlay  of  capital,  to  equalize  as  much  as  possible  the  cuttings  and 
■embankments.  The  alignment  of  this  road,  although  following  to  a  consider- 
able extent  a  sinuous  course,  does  not  add  in  any  appreciable  degree  to  its 
length  compared  with  a  practically  straight  road  along  and  down  the  side 
of  the  hill.  A  sinuous  course  is  in  most  cases  a  decided  advantage,  from  a 
maintenance  point  of  view,  as  on  a  winding  road  the  wheel  traffic  spreads 
^ver  the  whole  surface,  which  seldom  takes  place  on  a  straight  road,  espe- 
cially when  level  horizontally. 

The  route  was  then  staked  out  on  the  ground,  and  the  final  detailed  or 
working  section  prepared,  with  numerous  cross-sections  taken  at  convenient 
points,  to  determine  exactly  where  retaining  walls  were  necessary  to  supple- 
ment the  earthworks  in  forming  the  road.  The  longitudinal  section  in  such 
•cases  should  also  have  marked  on  it  the  level  of  the  ground,  the  level  of 
the  proposed  work,  and  the  height  of  embankment  or  depth  of  cutting, 
at  numerous  points,  where  the  level  of  the  ground  has  been  taken ;  these 
should  he  found  by  calculation  and  not  by  measurement  from  the  plans. 

The  trial-section  of  this  road  showing  the  gradients  is  illustrated  at 
fig.  12,  Plate  I.,  and  the  working-section  of  a  portion  of  the  road  is  shown 
at  fig.  12  a,  Plate  I.  Detailed  drawings  of  bridges,  culverts,  retaining  walls, 
and  the  road  covering  should  be  provided,  and  a  detailed  written  specifica- 
tion prepared  showing  the  manner  in  which  the  embankments,  excavations, 
masonry,  and  other  works  are  to  be  executed. 

88.  The  principles  laid  down  in  this  and  the  preceding  chapter  equally 
apply  to  carrying  out  improvements  of  gradients  on  existing  roads  which, 
in  hilly  districts  in  most  parts  of  the  country,  have  to  a  great  extent  been 
laid  down  with  only  one  object  in  view,  namely,  that  of  a  direct  line.  The 
great  sacrifice  thus  entailed,  through  steep  gradients,  in  the  cost  of  trans- 
portation, is  a  serious  one,  which  could  have  been  avoided  in  many  cases 
by  a  little  scientific  knowledge  of  what  is  necessary  in  laying  out  a  new 
road,  so  as  to  accomplish  the  greatest  amount  of  work  in  haulage  at  the 
least  expenditure  of  motive  power.     In  other  words,  a  lasting  benefit  would 
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have  resulted  bad  these  roads  been  properly  laid  out  when  constructed,  in  the 
form  of  greater  facility  for  travelling,  avoiding  wasteful  expenditure  of  power 
in  the  conveyance  of  goods,  less  wear  of  horses,  and  repairs  to  vehicles,  as  well 
as  a  saving  of  time.  The  surface  is  less  damaged  by  the  traffic  on  roads 
having  easy  gradients,  and  involves  less  expenditure  for  maintenance. 

89.  ImproviDg  Gradients  on  existing  Boads — The  following  example 
of  a  cross-country  road  is  a  case  in  point  where  had  the  route  followed 
the  proposed  line,  one  horse  could,  without  any  great  exertion,  have  hauled 
an  ordinary  load,  which  requires  two  horses  to  perform  over  the  existing 
road  at  present. 

On  the  plan,  fig.  13,  Plate  II.,  the  existing  road,  so  far  as  where  the 
steep  gradients  are  situated,  is  shown  at  A  B,  which  it  will  be  observed  is 
nearly  straight  from  point  to  point.  On  referring  to  the  longitudinal  section 
of  this  road,  fig.  14,  Plate  II.,  it  will  be  seen  that  the  gradients  are  very 
steep  on  either  side  of  the  first  ridge  with  a  valley  and  ridge  beyond. 
This  case,  like  many  others  situated  in  similar  circumstances,  may  be  taken 
as  analogous  to  the  road  between  London  and  Barnet  already  mentioned, 
and  as  an  instance  of  laying  out  a  road  with  useless  ascents  when  a  sub- 
sequent descent  must  be  made.  The  number  of  feet  actually  ascended  is 
most  unnecessarily  increased  when  such  height  once  gained  is  lost  again. 
The  improvement  referred  to  is  shown  on  plan,  at  A,  C,  B,  fig.  13,  the 
length  of  deviated  road  compared  with  the  present  one  being  about  180  yards 
longer.  This  additional  length  to  be  traversed  is  of  little  consequence,  how- 
ever, when  the  improved  gradients  are  taken  into  consideration.  A  longi- 
tudinal section  of  the  proposed  road  is  shown  in  fig.  14,  Plate  II.,  and  also  the 
surface  of  the  existing  road  is  represented  on  the  section  by  dotted  lines. 

The  proposed  new  road,  after  leaving  the  existing  one  at  A,  branches 
slightly  towards  the  west  on  a  rising  gradient  of  1  in  38,  and  attains  the 
ridge  of  the  first  hill  at  C ;  as  the  surface  of  the  ground  falls  considerably 
between  that  point  and  D,  it  is  necessary  to  introduce  a  minimum 
gradient  in  order  not  to  lose  any  height  already  gained.  By  this  means  the 
point  D  is  reached,  where,  owing  to  the  ground  rising  somewhat  abruptly 
towards  the  north,  it  is  necessary  to  curve  the  line  towards  the  east,  and 
crossing  the  existing  road  at  E,  is  gradually  curved  backwards  till  it  joins 
the  present  road  at  the  point  B.  The  gradients  on  the  deviated  line  of 
road,  it  will  be  observed,  are  such  that  a  horse,  by  a  slight  effort,  could 
surmount  the  steepest  incline  readily,  even  with  what  is  usually  considered 
a  load  on  a  level  road.  In  connection  with  this  subject,  it  is  necessary  to 
bear  in  mind  that  a  horse  can,  for  a  short  time,  exert  an  effort  two  or  three 
times  greater  than  that  which  he  can  keep  up  steadily  during  a  day's  work. 
Steeper  ascents  for  short  distances  can  therefore  be  surmounted,  while 
excessively  steep  ones  may  be  overcome  oftentimes  by  the  horses  volun- 
tarily pursuing  a  zigzag  course  in  search  of  an  easier  gradient. 
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CHAPTEE  IIL 

EARTHWORKS,  DRAINAGE,  RETAINING  WALLS,   CULVERTS,  BRIDGES,  AND 
PROTECTION   OF  ROADS. 

40.  Eqnaliziiig  Earthworks. — Earthwork,  as  generally  understood,  om- 
hraces  not  only  the  excavation  of  the  looser  materials  of  the  earth's  crust, 
hut  rock  also.  In  selecting  the  final  direction  and  gradients  of  a  new  road, 
it  is  ohvious  that  due  regard  must  he  ohserved  to  equalizing  the  cuttings 
and  emhankments,  so  that  the  earth  taken  from  the  one  may  he  sufficient 
to  form  the  other,  or,  in  other  words,  the  earthwork  should  he  redistributed 
along  the  line  of  road.  Unnecessarily  heavy  works  are  thereby  avoided, 
and  the  outlay  of  capital  involved  is  a  consideration  of  greater  importance 
than  the  mere  maintaining  of  a  strictly  direct  Hne.  In  the  generality  of 
cases  occurring  in  practice  the  engineer  is  obliged,  in  arriving  at  this,  to 
resort  to  a  system  of  approximation ;  for  this  purpose  the  line  of  road  should 
be  divided  into  several  sections,  to  be  treated  separately  in  the  first  instance, 
and  finally  in  connection  with  the  adjoining  sections. 

It  is  advisable,  in  many  instances,  in  carrying  out  the  adjustment  of 
the  earthworks,  owing  to  the  distance  apart  of  the  cutting  from  the  em- 
bankment on  a  line  of  road,  to  construct  the  embankment  when  possible 
from  side-cutting,  thus  avoiding  the  great  expense  necessitated  by  having 
to  transport  the  material  an  excessive  distance.  In  like  manner,  trans- 
ferring earth  from  a  cutting  situated  a  considerable  distance  from  an 
embankment  on  the  line  of  works,  especially  when  of  an  imsatisfactory 
nature,  may  in  some  cases  be  deposited  on  the  adjoining  ground  contiguous 
to  the  works.  This  method  of  disposing  of  the  earth  from  the  cuttings 
is  known  as  forming  a  spoil-bank. 

41.  Transverse  Balancing. — Transverse  balancing  in  hilly  parts,  or  in 
sidelong  ground,  as  already  indicated,  is  accomplished  by  locating  the 
centre  line  of  the  road,  so  that  the  cutting  from  the  one  side  will  form 
the  embankment  on  the  other.  The  cost  of  transport  compared  with  that 
of  excavation  and  the  value  of  land  from  which  side-cutting  is  taken,  or 
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spoil -banks  are  formed,  will  determine  the  distance  within  which  the 
balancing  of  the  earthworks  must  be  established. 

12.  Side  Slopes. — ^The  forming  of  the  side  slopes  requires  consider- 
able attention,  so  as  to  ensure  stability,  and  prevent  slipping.  The 
resistance  to  slip  arises  partly  from  the  friction  between  the  grains  com- 
posing the  soil  and  partly  from  their  mutual  adhesion. 

Friction  is,  however,  the  only  force  which  can  be  relied  upon  for 
permanent  stability,  as  the  adhesion  of  the  earth  is  destroyed  by  the  action 
of  air  and  moisture,  this  being  especially  the  case  during  alternate  frost 
and  thaw.  The  nature  of  the  soil,  its  condition  as  to  internal  moisture 
and  the  atmospheric  influence,  therefore,  combine  in  fixing  the  inclination 
of  the  side  slopes. 

13.  The  slopes  of  earthwork  are  generally  described  in  the  ratio  of 
the  horizontal  breadth  to  the  vertical  height.  The  angle  of  repose,  or,  as 
it  is  generally  termed,  the  natural  slope  at  which  different  kinds  of  earth, 
by  friction  alone,  will  remain  permanently  stable,  is  shown  in  the  following 
table  given  by  Professor  Bankine  in  his  work  on  Civil  Engineering, 


Table  VII. 
Natural  Slopes  of  Earths  (with  horizontal  line). 


Earth. 

Angle  of  Beposo.      ^^-j^^t."' 

Castomary 
designation  of 
Natural  Slope. 

Dry  sand,  clay,  and  mixed 
earth,    .... 
Damp  clay, 

Wet  clay, 

Shingle  and  gravel,  . 

Peat 

/from  37"                   0-76 
\    to    21"        ,            0-88 
45"        !            1-00 
/from  17"                   0-81 
1     to    14"        1            0-25 
/from  48"       1            I'll 
\    to    85"                   0-70 
/from  45"                    l-QG 
I    to    14"                    0-25 

1-88  tol 
2-63  to  1 
1       tol 
8-28  to  1 
4       tol 
0-9    tol 
1-48  tol 
1       tol 
4       tol 

The  slopes  most  frequently  adopted  for  earthwork  are  those  designated 
I^  horizontal  to  1  perpendicular,  and  2  to  I,  corresponding  to  the  angles  of 
repose,  33J*  and  26^**  nearly. 

H.  Rock  cuttings,  the  material  of  which  does  not  disintegrate  on 
exposure  to  the  action  of  the  weather,  may  be  formed  with  perpendicular 
sides,  but  generally  a  slope  of  I  horizontal  to  2  perpendicular  is  given  to 
admit  of  free  action  of  the  sun's  rays  on  the  road  surface. 

15.  For  a  similar  reason  the  side  slopes  on  the  south  side  of  roads  in 
northern  latitudes  are  sometimes  made  flatter  than  the  natural  slope  given 
to  that  part  of  the  cutting  on  the  north  or  opposite  side.  By  this  arrange- 
ment the  surface  of  the  roadway  is  exposed  to  the  action  of  sun  and  air, 
causing  rapid  evaporation  of  the  moisture  on  the  surface. 
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16.  Stratified  soils  and  rocks,  which  have  a  dip  to  the  horizon,  are 
liahle  to  slips  caused  by  one  stratum  becoming  detached  by  the  action  of 
frost  or  water  and  sliding  on  another,  the  worst  combination  being  that 
of  soils  formed  of  alternating  beds  of  clay  and  sand. 

17.  EmbankmentB. — Embankments  of  any  height  should  be  formed 
with  great  care.  They  may  be  carried  out  by  laying  the  material  from 
the  excavation  in  successive  layers  of  from  3  to  4  feet  in  thickness,  and 
thoroughly  pounding  each  layer.  This  is,  however,  an  expensive  process, 
and  seldom  resorted  to  in  ordinary  works  of  any  extent. 

The  method  usually  followed  is  to  nm  the  extreme  outsides  of  the 
embankment  first,  and  then  gradually  fill  up  the  centre  portion,  by  which 
means  greater  solidity  is  secured  than  when  the  embankment  is  carried 
forward  and  the  material  tipped  from  one  end  only.  By  this  arrangement 
the  layers  are  formed  with  an  incHnation  inwards,  counteracting,  so  to  speak, 
as  a  whole,  any  tendency  to  slip  outwards.  During  the  construction  of  an 
embankment,  due  consideration  must  be  given  to  the  settlement  of  the 
loose  or  excavated  material  which  takes  place.  It  is  advisable  to  make  the 
height  and  width  of  the  embankment  greater  than  the  dimensions  ultimately 
required ;  the  amount  allowed  for  settlement  varies  according  to  the  class  of 
material,  but  may  be  from  one-twelfth  to  one-fifth  of  the  total  height. 

It  is  usual,  as  a  precautionary  measure,  to  form  a  slight  excavation  at 
the  tail  or  toe  of  the  slope  to  give  the  material  forming  the  embankment 
additional  stability. 

18.  GonBolidating  Embanlnnents.— The  compacting  of  embankments 
and  road  beds  generally,  until  the  material  composing  them  forms  a  uniform 
and  unyielding  surface,  is  carried  out  in  the  United  States  and  other 
countries  by  the  use  of  a  horse  roller  weighing  about  3  tons.  The  roller 
is  about  5  feet  wide,  and  is  ribbed  or  corrugated  similar  to  corduroy.  The 
formation  level  or  foundation  of  a  road  is  consolidated  in  this  country  by 
the  aid  of  a  steam  roller.  It  requires,  owing  to  its  weight,  very  careful 
handling  on  newly-formed  embankments  of  any  great  height.  Depressions 
are  made  good  by  the  application  of  material  similar  to  that  of  which  the 
formation  of  the  road  is  composed. 

19.  Embankments  on  Sidelong  Ground. — On  sidelong  ground  different 
methods  are  employed  in  order  to  secure  a  solid  basis  for  an  embankment 
sustaining  a  road.  Where  the  inclination  of  the  natural  surface  of  the 
ground  is  not  great,  and  the  formation  of  the  road  is  partly  in  cutting  and 
partly  in  embankment,  the  method  of  cutting  the  surface  of  the  ground 
into  steps,  shown  in  fig.  15,  is  generally  adopted.  The  natural  surface  of 
the  ground  is  represented  by  ab,  the  steps  or  benches  are  shown  at/,/,/, 
and  the  formation  level  at  c  d.  The  best  position  for  these  steps  is  perpen- 
dicular to  the  axis  of  greatest  pressure. 

On  sloping  ground  \mder  similar  conditions,  but  with  the  natural  surface 
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lying  at  a  considerable  inclination,  the  above  method  of  construction  will 
not  be  sufficiently  secure,  and  recourse  must  be  had  to  some  other  means 
of  effecting  this. 

50.  Retaining  walls  of  sufficient  thickness,  built  either  dry  or  with  the 
stones  laid  in  mortar  to  support  the  roadway,  are  constructed  for  this 
purpose.  These  walls  may  have  to  be  built  on  either  side  of  the  roadway 
to  sustain  the  embankment  on  the  lower  side,  and  the  portion  in  excavation 
on  the  higher  part.  The  wall  which  sustains  the  embankment  should  be  built 
up  to  the  level  of  the  roadway  and  a  parapet  or  fence  wall  erected  upon  it, 
to  protect  pedestrian  and  vehicular  traffic  against  accident.  When  neces- 
sary to  erect  a  wall  to  form  the  slope  or  sustain  the  ground  in  excavation, 
it  should  be  carried  up  to  a  height  to  meet  the  natural  surface  of  the 
ground.  The  arrangement  of  retaining  walls  on  sidelong  cutting  is  shown 
at  fig.  16,  a  6  being  the  natural  surface  of  the  ground.     Considering  the 


Fio.  15.— CroBS-Bectlon  of  a  road  showing  method  of  stopping  adopted  in 
sidelong  gronnd. 

inclination  of  the  natural  surface  of  the  ground  a  2),  it  is  evident  that  such 
a  long  embankment  slope  bb  d  b  would  endanger  the  stability  of  the  road- 
way. It  is  necessary,  therefore,  to  secure  the  solidity  of  the  road  in  a  more 
permanent  manner  by  the  substitution  of  retaining  walls  for  an  embank- 
ment on  such  a  slope  as  that  represented  in  the  diagram.  Under  certain 
circumstances  it  might  also  be  advantageous  to  build  a  retaining  wall  at  c, 
to  retain  the  part  in  excavation,  as  a  long  slope  exposed  to  the  drainage 
of  the  higher  ground  would  in  time  cause  the  material  composing  it  to  be 
washed  on  to  the  road,  and  in  all  probability  create  a  landslip.  If  a  foot- 
path is  to  be  formed  alongside  of  a  road  in  sidelong  ground  it  should  be 
placed  on  the  portion  embanked,  leaving  as  much  as  possible  of  the  solid 
ground  for  vehicular  traflSc. 

51.  Boads  formed  over  Low-lying  or  Marshy  Ground. — In  crossing 
plains  or  marshy  ground  it  is  necessary  to  form  the  surface  of  the  road  well 
above  the  general  level  of  the  surrounding  country  in  order  that  it  may  be 
kept  as  dry  as  possible.  This  is  particularly  the  case  where  the  line  of 
communication  traverses  a  district  subject  to  inundation.     The  best  method 
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of  accomplishing  this  is  to  excavate  side  trenches  at  sufficient  distances 
apart  on  either  side  of  the  roadway,  from  3  to  4  feet  deep,  18  inches  to  2 
feet  wide  at  bottom,  and  having  side  slopes  3  to  1.  This  excavated  material 
is  made  use  of  in  raising  an  embankment  between  the  trenches,  so  as  to 
elevate  the  road  surface  above  any  possible  inundation,  and  the  side  ditches 
will  serve  to  collect  the  surface  water  and  discharge  it  to  the  nearest  stream 
or  water-course. 

Soft  or  marshy  ground  is  a  difficult  as  well  as  an  expensive  obstacle  to 
overcome  in  the  construction  of  a  new  road.  It  must  be  borne  in  mind  that 
laying  out  a  road  under  these  conditions  is  only  undertaken  when  no  other 
reasonable  alternative  is  possible,  such  as  deviating  from  a  direct  line  by 
making  a  detour  even  of  considerable  length.    The  work  can  only  be  accom- 


Fio.  16. — CroBS-aeotion  of  a  road  showing  arrangement  of  retaining  walls  in 
sidelong  ground. 

plished  properly  by  draining  the  subsoil,  so  as  to  consolidate  the  ground  as 
much  as  possible,  and  forming  an  embankment  to  carry  the  roadway.  This 
is  effected  by  excavating  a  trench  in  the  soft  ground  to  a  depth  varying  with 
the  degree  of  difficulty  to  be  overcome,  and  then  filling  in  the  trench  with 
stable  material.  The  level  part  of  the  excavated  portion  of  the  trench  is 
made  of  a  width  corresponding  to  the  width  of  the  formation  level  of  the 
road,  while  the  slopes  of  the  trench  should  be  inclined  at  the  angle  of 
repose  of  the  soft  material  composing  the  natural  ground.  The  slope  of 
the  stable  materials  forming  the  embankment  is  made  to  correspond  with 
that  of  the  trench  slopes,  and  as  this  is  much  flatter  than  necessary,  a 
broader  foundation  and  consequently  increased  stability  are  secured. 

Another  method  of  making  soft  ground  suitable  for  carrying  a  roadway 
is  to  drive  in  short  piles ;  this  has  the  effect  of  consolidating  the  mass  of  soft 
earth.  Fascines,  hurdles,  and  dry  peat  have  also  been  at  times  employed 
for  a  similar  purpose  with  good  effect.     Should  these  expedients  fail,  a  bog 
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or  marshy  ground  may  be  made  secure  by  tipping  sand,  gravel,  or  stones 
upon  it  in  order  to  form  an  embankment  which  will  rest  on  the  hard 
stratum  below  the  moss,  and  raising  the  upper  surface  to  the  required  level. 
The  slopes  of  an  embankment  thus  formed  assume  the  same  inclination  as 
they  would  have  under  ordinary  conditions. 

52.  Half-widths  and  Extcait  of  Ground  required. — When  the  inclina- 
tion of  the  slopes  has  been  determined,  the  half-widths,  or  distance  on 
either  side  of  the  roadway,  may  be  staked  off,  and  the  area  of  land 
computed,  allowing  6  feet  on  either  side  beyond  the  formation  level  or  the 
edge  of  the  slope. 

03.  FiniflMng  Slopes,  Drainage. — The  slopes  of  cuttings  and  embank- 
ments should  be  dressed  to  regular  surfaces  with  soil  from  3  to  6  inches 
deep  and  sown  with  grass  seed.  This  diminishes  to  a  great  extent  the 
effect  of  rain  washing  or  running  down  the  slopes,  forming  gullies,  and  helps 
to  prevent  any  tendency  to  side-slips.  When  the  slopes  are  exposed  to  the 
action  of  water  they  should  be  covered  with  dry  stone  pitching  12  inches 
thick  and  of  a  height  sufficient  to  protect  the  material  of  which  the  embank- 
ment is  formed. 

54.  The  numerous  and  diverse  nature  of  circumstances  met  with  in  the 
laying  out  and  construction  of  roads  are  such  that  no  definite  rules  can  be 
laid  down  to  embrace  all  case&  The  engineer  will  have  to  consider  which 
form  of  construction  will  best  suit  the  particular  piece  of  work  undertaken, 
with  a  view  to  economy  in  carrying  out  the  operations  involved,  the 
stability  of  the  works  generally,  and  the  subsequent  maintenance  of  the 
road.  In  executing  the  necessary  work  in  cuttings  and  embankments, 
level  pegs  are  fixed  indicating  the  depth  or  height  of  formation  at  con- 
venient points,  so  that  the  workmen  are  enabled,  by  the  use  of  boning  roda 
or  cross  heads,  to  keep  the  intermediate  position  of  the  earthwork  at  its 
proper  level.  Important  points,  such  as  where  a  curve  joins  a  straight  line, 
should  be  transferred  during  the  progress  of  the  works  by  means  of  pilot 
pegs.  This  is  accomplished  by  ranging  a  straight  line  from  the  point 
in  question,  fixing  two  pegs  clear  of  the  line  of  works  and  measuring  the , 
distance  apart  of  these ;  the  tangent  point  can  then  be  readily  re-established 
after  the  earthwork  is  completed.  A  similar  operation  should  be  carried 
out  where  important  structures  are  to  be  erected. 

The  volume  or  cubical  quantity  of  a  piece  of  earthwork  is  ascertained  by 
computing  the  area  of  a  series  of  cross-sections  of  known  distances  apart,  and 
the  quantities  obtained  are  stated  in  cubic  yards. 

55.  Drainage. — The  drainage  of  roads  is  of  two  kinds,  namely,  surface 
and  subsoil.  It  is  one  of  the  most  important  operations  in  connection 
with  the  construction  of  a  road,  as  on  its  efficiency  the  subsequent  main- 
tenance of  the  surface  will  greatly  depend.  The  slopes  in  cuttings  on 
sidelong  ground  are  generally  the  most  troublesome,  and  great  pains  should 
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be  taken  in  order  to  thoroughly  intercept,  from  the  rising  ground,  any  flow 
or  filtering  of  water  towards  the  road  bed.  This  is  readily  accomplished 
by  forming  catch- water  ditches  or  drains  on  the  uphill  side  of  the  cutting  a 
few  feet  back  from  the  crest  of  the  slope  or  point  where  the  excavation 
joins  the  natural  surface  of  the  ground,  as  at  e,  figs.  15  and  16.  These,  if 
possible,  should  be  carried  to  the  most  convenient  water-courses ;  but  where 
the  surface  of  the  ground  is  such  that  a  sufficient  fall  cannot  be  obtained 
unless  at  great  expense  in  cutting  and  laying  drain  pipes,  the  water  may  be 
conveyed  down  the  slope  to  the  side  channel  or  covered  drain  near  the  for- 
mation level  as  at  c,  flg.  15.  When  open  conduits  are  formed  for  this  pur- 
pose, the  slope  should  be  protected  by  forming  a  rough  pavement,  as  the 
soil  cannot  withstand  the  action  of  the  water  on  the  steep  slope  generally 
given  to  cuttings.  This  object,  however,  is  better  attained  by  laying  stone- 
ware drain  pipes  in  the  slope  18  inches  below  the  surface.  The  slopes  of 
cuttings  may,  when  necessary,  be  further  protected  by  laying  drains  in  a 
trench  18  inches  deep,  cut  in  an  oblique  direction  up  the  slope,  filling  the 
space  up  to  the  surface  with  stones,  and  connecting  them  to  the  drain  at  the 
bottom  of  the  cutting.  Where  springs  occur,  the  water  should  be  carried 
away  by  laying  the  pipes  to  the  side  drains,  or  by  some  other  effective  means. 


Fio.  17. — Cross-section  showing  side  drains  at  formation  level  of  road. 

Drains  should  also  be  constructed  at  the  foot  of  a  slope  in  cuttings,  varying 
in  depth  from  18  inches  to  3  feet,  according  to  circumstances.  These  may  be 
built  with  either  brick  or  stone;  a  less  expensive  method,  however,  and 
much  more  effective  and  durable,  is  made  by  laying  salt-glazed  plain  pipes 
in  the  trench  and  filling  the  space  up  to  the  surface  with  broken  stones, 
which  must  be  free  from  dirt,  to  a  height  of  6  inches  above  the  formation 
level  of  the  road.  Eig.  17  shows  the  two  methods  of  construction,  that  at 
A  being  built  of  stone,  while  the  drain  at  B  is  formed  of  salt-glazed  pipes, 
the  space  above,  in  either  case,  being  filled  in  with  small  stones. 

56.  The  lower  half  of  drain  pipes  may  be  surrounded  with  clay  to  pre- 
vent any  water  lying  aroimd  them.  This  precaution  should  be  adopted 
when  the  drain  has  but  a  small  inclination,  as  the  water  in  the  pipe  will  be 
discharged  more  quickly  and  prevent  the  lower  portion  of  the  ground 
becoming  waterlogged. 

57.  In  sidelong  ground,  and  on  level  tracts  of  country,  the  side  ditches 
should  be  formed  before  the  cuttings  are  excavated  and  the  embankments 
formed,  as  greater  stability  will  be  ensured  by  the  ground  being  in  a  dry  state. 
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58.  The  drainage  of  embankments  does  not  require  such  extensive 
operations  as  those  necessary  in  cuttings.  The  water  from  the  surface  of 
the  road  should  be  carried  by  the  water  tables  or  side  channels  to  suitable 
points  where  it  can  be  conveyed  down  the  slopes  in  open  troughs.  It  is  usual 
to  form  an  open  ditch  on  either  side^  nearly  parallel  to  the  axis  of  the  road 
«nd  at  the  tail  of  the  embankment,  to  collect  and  convey  the  surface  water 
from  the  road  and  slopes  of  the  embankment  to  the  nearest  water-course  or 
point  of  discharge.  Where  a  falling  gradient  in  a  cutting  adjoins  an 
embankment,  a  similar  course  is  pursued  when  such  cannot  be  diverted, 
great  care  being  exercised  to  have  the  conduit  of  sufficient  capacity  to 
<ionvey  all  the  water  which  will  collect  in  the  cutting  under  the  most 
unfavourable  circumstances.  On  sidelong  ground  it  is  seldom  necessary  to 
make  an  opening  at  the  toe  of  an  embankment,  the  natural  slope  of  the 
ground  being  in  most  cases  sufficient  to  carry  away  the  limited  amount  of 
water  likely  to  collect  there.  All  drains  and  open  ditches  should  have 
sufficient  capacity  and  acclivity  to  receive  and  convey  away  quickly  all  the 
water  that  may  find  its  way  into  them ;  this  will  also  be  influenced  by  the 
nature  of  the  soil  in  which  they  are  placed.  When  a  footpath  exists  at 
one  or  both  sides  of  a  road,  the  surface  drainage  collecting  in  the  side 
channels  is  conveyed  by  pipes  laid  under  them  to  the  ditches,  or  drains,  or 
on  to  the  surface  of  the  ground  on  the  field  side  of  the  footpath. 

59.  SubBoil  Drainage. — The  drainage  of  the  subsoil  provides  for  the 
removal  of  any  water  found  in  the  soil  immediately  under  the  road  covering 
in  cuttings  and  on  level  tracts  of  country.  This  is  an  essential  and  im- 
portant requirement  in  road  construction,  and  on  the  efficient  state  of  repair 
in  which  the  subsoil  drainage  is  maintained,  will  the  cost  of  keeping  the 
49urface  of  a  road  in  good  repair  depend. 

60.  The  materials  composing  a  road  covering  placed  on  a  naturally  wet, 
retentive,  or  undrained  soil,  such  as  clay  and  kindred  earths,  will  go  quickly 
to  pieces  by  the  traffic  passing  over  it  or  by  the  action  of  thaw  succeeding 
frost.  The  combined  efi'ect  of  these  influences,  which  converting  the  whole 
coating  material  into  a  disintegrated  mass,  is  simply  ruinous. 

Sods. — Soils  of  a  siliceous  and  calcareous  nature,  and  rocks  generally, 
do  not  present  any  great  difficulty,  as  their  porous  natiure  assists  in  securing 
a  dry  and  solid  foundation. 

61.  The  side  drains  in  cuttings,  and  the  open  ditches  on  the  level  portions 
of  a  road,  will,  as  a  rule,  be  sufficient  for  this  purpose,  even  where  the  road- 
way is  of  a  great  width. 

It  is  the  argillaceous  and  allied  soils  which  require  careful  treatment,  as, 
being  of  a  retentive  nature,  they  become  very  unstable  when  in  contact  with 
water  and  the  action  of  frost.  The  drainage  of  such  soils  may  be  efiected 
by  forming  transverse  or  cross  drains  in  the  form  of  the  letter  Y,  as  shown 
at  b,  a,  bf  fig.  18. 
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These  drains  should  consist  of  salt-glazed  plain  pipes  2  to  3  inches  in 
diameter,  laid  about  15  to  18  inches  below  the  formation  level  at  centre,, 
and  properly  connected  to  the  side  drains.  The  junction  is  preferably 
made  at  the  highest  point  of  the  pipe  in  the  side  drain,  and  an  opening. 
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Fio.  18. — Diagram  showing  arrangement  of  subsoil  drains  in  retentive  soils. 

formed  of  dry  stone  built,  over  where  they  join,  up  to  formation  level  for 
inspection  from  time  to  time.  Ordinary  field  or  agricultural  drain  pipes  are 
sometimes  used,  but  being  porous  are  liable  to  injury  by  frost,  and  cause 
great  inconvenience  and  damage  by  breaking,  as  well  as  a  temporary 
derangement  of  the  drainage  of  the  subsoil,  which  is  sometimes  difficult  to- 
locate.  The  trenches  should  be  filled  up  with  clean  gravel  or  small  stones, 
free  from  all  clay  or  other  soft  matter,  care  being  taken  to  hand-pack  th& 
material  round  the  joints  of  the  pipes. 

The  diagram  at  fig.  19  shows  a  cross-section  of  a  road  with  the  mitre^ 
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Fio.  19. — Cross-section  of  road  showing  mitre  drains. 

drains  at  a,  and  joining  the  side  drains  at  b,  and  a  cross-section  of  the  mitre 
or  transverse  drain  is  shown  at  fig.  20.  It  is  not  essential  that  these  cross 
drains  should  have  a  great  fall ;  the  purpose  may  be  properly  served  by 
giving  them  an  inclination  of  1  in  50.  The  nature 
of  the  soil  will  afford  the  means  of  determining  at 
what  distance  apart  these  cross  or  mitre  drains 
should  be  placed;  this  may  vary  from  15  feet 
in  very  wet  situations,  increasing  in  distance  to  SO 
or  even  to  50  feet  where  the  subsoil  is  of  a  drier 
and  less  retentive  nature.  The  surface  water  from 
the  roadway  is  collected  in  the  side  channels  and  conveyed,  where  the 
level  of  the  roadway  is  at  or  near  the  natural  surface  of  the  ground,  to- 
the  ditches,  by  outlets  cut  at  certain  intervals  on  either  side  of  the  road- 
way. Where  footpaths  exist  alongside  of  a  road,  drain' pipes  are  laid  across 
and  underneath  the  footpath  at  convenient  points,    the  outer   edge   of 


Fio.  20.— Cross-section  of 
mitre  drain. 
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these  pipes  at  the  roadside  being  protected  from  damage  by  passing  vehicles, 
by  fixing  a  stone  at  each  side  of  the  drain  pipe  well  into  the  ground,  and 
covering  them  with  a  flat  stone  projecting  2  inches  beyond  the  conduit,  but 
in  line  with  the  edge  of  the  footpath. 

62.  On  embankments,  especially  in  sidelong  ground,  the  surface  water, 
as  already  mentioned,  is  conveyed  to  the  open  ditches  in  wooden  troughs, 
creosoted,  or  tarred  and  sanded,  and  fixed  in  the  slopes.  This  method, 
although  satisfactory  in  many  cases,  is  not  to  be  recommended  as  a  per- 
manent arrangement ;  a  drain  constructed  of  salt-glazed  faucet  and  spigot 
pipes  laid  in  clay  puddle,  or  covered  with  concrete  and  finished  at  the  toe 
of  the  slope  with  masonry,  is  required  to  keep  it  in  position. 

Tt  is  necessary  to  exercise  great  care  in  carrying  out  the  work  by  placing 
puddle  around,  or  otherwise  protecting  the  joints,  so  as  to  ensure  that  no 
water  will  be  permitted  to  percolate  through  the  earthwork,  which,  if 
allowed,  would  in  all  probability  result  in  considerable  damage  being  done 
to  the  embankments. 


Fio.  21. — Diagram  showing  sand  trap. 


Fio.  22. — Diagram  showing  sand  trap. 


68.  Brains  in  Cuttings  and  Different  Arrangements  of  Sand  Traps 
or  Gullies. — In  cuttings,  the  system  followed  is  somewhat  different,  being 
generally  effected  in  the  following  manner.  The  side  drains  are  utilized  as 
a  means  for  the  disposal  of  the  surface  water  which,  in  the  first  instance, 
enters  a  gully  or  sand  trap,  the  overflow  from  the  latter  being  connected 
to  the  side  drain.  The  use  of  a  sand  trap,  especially  on  a  road  having  a 
considerable  fall  longitudinally,  is  to  intercept  any  heavy  matter  or  detritus 
which  would  otherwise  gain  entrance  to  the  drain,  and  in  course  of  time,  by 
repeated  accumulations,  cause  the  drain  to  become  choked.  The  simplest 
and  cheapest  form  of  sand  trap  is  represented  at  fig.  21,  built  of  brickwork 
with  suitable  covers,  and  at  fig.  22,  which  is  made  either  of  earthenware  or 
cast  iron.  Stoneware  gullies  are,  as  a  rule,  liable  to  damage  by  the  passing 
traffic,  and  should  be  placed  in  the  least  exposed  situations,  or  clear  of  the 
water  channels.  This  form  of  trap  is  also  made  in  detached  portions,  the 
basin  or  stoneware  part  forming  the  trap,  with  a  cast  iron  cover  and  grating 
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fixed  on  the  top.  It  is  claimed  that  this  form  of  gully  trap  is  unbreakable 
imder  the  heaviest  class  of  traffic.  Sand  or  gully  traps  are  also  made  of 
cast  iron  in  one  piece  and  in  different  sizes  to  suit  different  localities.  The 
gratings  are  detachable,  and,  on  the  whole,  this  class  of  trap  is  the  best 
possible  to  adopt,  and  serves  most  effectively  the  purpose  intended.  This 
•class  of  gully  or  sand  trap  is  shown  in  iig.  23. 

When  one  road  crosses  another,  it  often  happens  that  two  or  more  drains 
have  to  be  connected  to  one  gully  or  sand  trap.  This  is  most  conveniently 
accomplished  by  building  it  of  stone  or  brick- 
work, with  a  pavement  or  concrete  floor  of 
a  suf&cient  area  to  embrace  the  side  walls 
and  form  a  foundation.  The  floor  should 
be  at  least  18  inches  below  the  level  of  the 
outlet  pipe,  to  collect  the  detritus  or  heavy 
matter.  If  the  trap  be  built  of  brick  the 
walls  need  not  exceed  9  inches  in  thick- 
ness, unless  the  drain  is  exceptionally  deep, 
when  it  will  be  advisable  to  increase  the 
thickness  of  the  walls.  A  convenient  size 
of  trap  for  such  a  situation,  with  three  inlet  pipes,  is  shown  in  fig.  24. 

The  brickwork  is  brought  up  to  within  a  few  inches  of  the  level  of  the 
water  table,  the  covering  and  grating  being  either  of  cast  iron  fitted  properly 
into  the  brickwork,  or  it  may  be  finished  with  a  stone  cover,  and  a  wrought 


Fio.  23.  —Cast  iron  sand  trap 
or  gully. 
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iron  hinged  grating  dished  out  to 
admit  of  the  water  from  the 
channels  passing  freely  into  the 
sand  trap.  A  space  nearly  equal 
in  size  to  the  iron  grating  requires 
to  be  cut  out  in  the  centre  of  the 
stone  cover,  provision  being  made 
for  properly  fixing  the  grating  to 
it  by  means  of  batts. 

These  sand  traps  should  be 
cleaned  out  periodically,  and  also 
immediately  after  a  heavy  fall  of 
rain,  so  that  the  road  detritus  and 
sand  may  be  prevented  from  enter- 
ing the  outlet  pipe.  The  inlet 
pipe  orjpipes  should  be  placed  at  a  higher  level  than  the  outlet  pipe,  to  ensure 
a  rapid  discharge ;  2  to  3  inches  being  quite  sufficient  for  this  purpose. 

64.  When  it  is  necessary  to  lay  a  drain  under  a  road,  the  work  should 
be  of  a  substantial  nature,  so  as  to  avoid  any  possible  [derangement  of 
the  drainage,  and  probable  damage  to  those  using  the  road,  by  its  failure. 


Fio.  24.— Sand  trap  with  three  inlets. 
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Drains  for  conveying  water  under  a  road  should  be  built  of  good  stone  and 
bedded  in  cement,  with  paved  floor  and  substantial  covers.  Salt-glazed  or 
earthenware  spigot  and  faucet  pipes  are  also  employed;  these  should  be 
cement-jointed,  and  if  necessary  protected  with  a  layer  of  concrete  under 
and  round  the  outside  of  pipe. 

65.  Betaimng  Walls. — Retaining  walls  are  structures  in  masonry,  laid 
dry  or  in  mortar,  designed  in  various  forms  to  support  the  sides  of  roads  on 
hillsides,  or  when  land  is  not  available  for  forming  side  slopes  beyond  the 
formation  level  of  the  road.  Where  buildiug  materials  of  sufficient  size  can 
be  procured,  the  retaining  walls  may  be  built  of  stones  laid  dry;  when, 
however,  the  materials  for  this  purpose  are  not  large,  flat-bedded  stones, 
it  is  advisable  to  use  mortar  in  building  the  walls. 

With  suitable  material,  drystone  retaining  walls  are  well  adapted  for 
road  work,  on  account  of  their  self-draining  properties  and  their  cheapness. 
The  outside  face  is  generally  built  with  a  batter,  either  straight  or  curved, 
varying  from  1  in  8  inches  to  1  in  12  inches;  any  excess  of  batter  greater 
than  1  in  6  should  be  avoided  where  mortar  is  used,  as  the  action  of  the  rain 
tends  to  destroy  the  joints  by  washing  it  out,  and  aflbrds  lodgment  for  seeds 
of  vegetation,  the  roots  of  which  penetrate  the  wall  and  injuriously  aflect 
the  adhesion  between  the  mortar  and  stone.  Retaining  walls  built  with 
stones  and  mortar  are  rendered  more  secure  from  the  effects  of  water  by 
having  drystone  packing,  usually  1 2  inches  thick,  set  by  hand  at  the  back 
of  and  between  the  wall  and  earthwork.  Weeping  holes,  formed  of  2-  or  3- 
inch  pipes,  should  be  built  into  the  wall  at  different  levels ;  but  especially 
at  the  base  of  the  wall,  and  at  a  distance  of  from  two  to  four  yards  apart, 
according  to  the  nature  of  the  soil  and  the  dip  of  the  strata. 

The  top  of  the  retaining  walls  should  be  properly  finished  and  protected 
by  a  coping  of  stone,  close  jointed,  to  prevent  rain  finding  its  way  into  the 
body  of  the  wall. 

Drystone  retaining  walls  are  generally  finished  on  the  top  with  a  sod 
coping  laid  in  two  rows ;  when  properly  carried  out,  this  method  of  pro- 
tecting the  walls  suits  the  purpose  exceedingly  well.  The  profile  or  cross- 
section,  and  the  thickness  to  which  retaining  walls  are  built,  vary  according 
to  their  position  relative  to  the  adjoining  work  and  the  nature  of  the 
material  to  be  retained. 

The  foundations  of  retaining  walls  are  subject  to  considerable  and 
unequally-distributed  pressures.  They  should  be  of  a  width  or  area  suffi- 
cient to  bear  safely  the  pressure  which  they  have  to  sustain  according  to  the 
nature  of  the  ground  on  which  they  are  placed.  A  suitable  drain  should  be 
laid  at  the  base  in  front  of  a  retaining  wall  to  collect  and  convey  any  water 
escaping  from  behind  the  wall.  Ordinary  foundations  may  be  classed  under 
the  following  heads :  (1)  On  material,  the  stability  of  which  is  not  impaired 
by  saturation  with  water,  such  as  rock ;  (2)  on  firm  earth,  sand,  gravel,  and 
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Fig.  26. — Section  of  re- 
taining wall. 


hard  day ;  and  (3)  on  soft  earth.      The  area  of  the  foundations  may  he 

increased  to  any  desired  extent  hy  forming  steps  heyond  the  thickness  of  the 

wall  proper,  so  that  the  weight  of  the  stracture  may 

be  distributed  over  a  large  surface.    Rock  of  a  mode- 
rately hard  description  will  bear  safely  9  tons  per 

square  foot ;  firm  earth  1  ton  to  1|  tons ;  soft  earth, 

on  the  other  hand,  is  only  capable  of  bearing  a  very 

limited  load;  and   to  ensure    safety  the   ground 

should  be  well  drained,  the  soft  earth  removed  by 

cutting  a  trench  and  substituting  stable  material, 

such  as  sand  or  concrete.    In  extreme  cases  it  is 

necessary  to  drive  short  piles  into  the  ground  to 

compress  and  consolidate  the  soil,  on  which  a  plat- 
form is  fixed,  the  heads  of  the  piles  being  surrounded 

with  concrete.     The  depth  to  which  a  foundation 

should  be  excavated  must  be  such  that  it  will  be 

below  the  disintegrating  influence   of  frost:  3  to 

4  feet  is  considered  a  safe  depth  in  Britain,  while 

in  countries  subject  to  severe  and  long-continued  frost  a  depth  of  from 

4  to  6  feet  is  necessary. 

66.  DimensionB  of  Betaimng  Walls. 
— In  determining  the  proportions  to  be 
given  to  retaining  walls,  the  engineer  is 
guided  by  the  experiments,  and  from  the 
successful  results  attained  in  existing 
structures  which  have  withstood  for  a 
considerable  period  of  time  all  the  usual 
causes  of  destructibility.  From  these 
examples  many  practical  rules  have  been 
deduced  for  the  design  of  stable  and 
economical  retaining  walls,  as  well  as  for 
the  thickness  of  abutments  and  arches  of 
bridges  and  culverts. 

For  retaining  walls  6  to  10  feet  high 
a  thickness  of  one-fourth  of  the  height 
of  the  wall  above  the  natural  ground  is 
generally  allowed.  In  large  structures 
built  of  masonry,  the  height  of  the  wall 
above  the  ground  level  is  divided  into 
ofisets,  and  the  thickness  is  varied  from 
one-third  to  one-eighth  of  the  total 
height,  as  shown  in  fig.  25. 
The  following  dimensions  are  extensively  used  in  building  retaining 
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Fio.  26.— Section  of  retaining  wall 
(built  of  brickwork). 
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walls  with  brick,  viz.,  the  thickness  at  the  top  of  the  wall  is  made  1  foot 
10|  inches,  and  at  every  fifth  course  downwards  the  thickness  is  increased 
by  half  a  brick,  the  face  of  the  wall  being  built  with  a  batter  of  1  in  6  to 
1  in  8,  which  is  generally  curved  as  shown  at  fig.  26.  In  retaining  walls 
constructed  of  stone  without  mortar,  the  thickness  may  vary  from  one-third 
to  one-half  the  height,  the  face  being  built  perpendicular  or  with  but  a  slight 
batter,  to  avoid  as  much  as  possible  rain-water  being  carried  inwards  to  the 
earth  backing,  which  would  occur  if  the  joints  were  inclined  by  giving  the 
face  an  excessive  batter.  Should  it  be  found  necessary  to  batter  the  face  of 
a  wall  built  dry,  the  difficulty  alluded  to  may  be  obviated  by  pointing  the 
outside  joints  of  the  wall.  Trautwine's  rule  for  a  retaining  wall,  which 
sustains  a  backing  of  sand,  gravel,  or  earth,  level  with  its  top,  is,  that  the 
thickness  of  the  wall  should  be  not  less  than  that  stated  in  the  following 
table,  when  the  foundations  are  about  3  feet  deep,  the  backing  being 
deposited  loosely,  as  when  tipped  from  carts,  wagons,  etc.,  and  the  batter 
not  exceeding  1|  inches  to  a  foot. 

Table  VITI. 

Wall  of  cut  stone  or  first  oUu  large-raneed  rubble  in  1  «.    «.^       ^.  ^.    .  ^  .  .  ^ 

^^^^  ^        ^  I -86  of  its  entire  vertical  height. 

Wall  of  good  oommon  scabbled  mortar  nibble  or  brick,      '4       do.  do. 

Wall  of  well-Bcabblod  dry  rabble,  .      *5        do.  do. 

The  effect  of  stepping  the  back  of  a  wall  increases  the  friction  of  the 
earth  against  it,  giving  increased  stability,  so  that  when  the  thickness  has 
been  proportioned  with  a  vertical  back  by  Trautwine's  rule,  it  may  be  con- 
verted into  one  having  offsets,  which  has  the  advantage  of  greater  resist- 
ance to  overturning,  and  yet  contains  no  more  material  The  method  of 
arriving  at  this  is  as  follows : — From  the.  point  c,  fig.  27,  half  the  height  of 
a  h,  draw  a  line  from  d  one-half  of  the  thickness  of  the  wall  at  the  top  a  a, 
through  c  to  e,  and  from  the  latter  draw  the  vertical  line  e/;  divide  d  f 
into  any  number  of  equal  parts,  for  instance  three,  and  produce  vertical 
lines  to  the  base  h  e;  then  divide/  e  into  one  more  equal  part  than  fd 
contains,  and  draw  horizontal  lines  crossing  the  vertical  ones.  From  the 
points  of  division  draw  the  line  forming  the  offsets  as  shown  in  the  figure. 

67.  Surcharged  Betaining  Walls. — ^When  a  retaining  wall  is  sur- 
charged, that  is,  retains  a  bank  which  slopes  backward  to  a  higher  level 
than  the  top  of  the  wall,  the  thickness,  according  to  the  foregoing  rules, 
must  be  increased. 

This  class  of  wall,  fig.  28,  is  principally  made  use  of  in  cuttings,  but  in 
some  cases  walls  of  this  description  are  built  to  retain  the  toe  of  an  embank- 
ment. The  following  table,  given  by  Molesworth,  shows  how  the  thickness 
of  a  surcharged  wall  of  rectangular  shape  may  be  arrived  at. 
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The  height  Y  is  substituted  for  H,  in  fig.  25,  or  height  of  the  wall  from 
ground  level,  and  is  the  perpendicular  at  the  end  of  a  line  L  equal  to  H, 
measured  along  the  slope  to  be  retained.  The  value  of  Y  for  various  slopes 
is  as  follows : — 

Table. 

Y  =  171  H.  in  slopes  1    to  1 
„  =  1-56  H.  „      IJtol 

„  =  1-45  H.  „      2    to  1 

„  =  1-3    H.  „      3    tol 

„  =  1-24  H.  „      4    tol 

68.  Counterforts. — Counterforts  are  projections  of  masonry  at  the  back 
of  a  wall,  built  at  intervals,  and  of  a  rectangular  shape ;  they  are  intro- 


FiG.  27. — Section  of  retaining  wall,  pro- 
portioned by  Trantwine's  rule. 


Fio.  28. — Section  of  surcharged  wall. 


duced  to  increase  by  their  weight  the  stability  of  retaining  walls,  but  this 
depends  on  the  efficient  manner  in  which  these  are  bonded  to  the  retaining 
wall  at  their  junction. 

69.  The  result  of  the  experience  of  Sir  B.  Baker  in  connection  with  the 
building  of  retaining  walls  may  be  given.  "  In  ground  of  an  average 
character  the  thickness  of  retaining  walls  should  be  one-third  of  the  height 
from  the  top  of  the  footings.  A  wall  quarter  of  the  height  in  thickness 
and  battering  1  to  2  inches  per  foot  on  the  face  possesses  sufficient  stability 
when  the  backing  and  foundations  are  both  favourable."  He  also  states  that 
**  under  no  ordinary  conditions  of  surcharge  or  heavy  backing  is  it  necessary 
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to  make  a  retaining  wall  on  a  solid  foundation  more  than  double  the  above 
or  half  of  the  height  in  thickness." 

70.  Breast  Walls. — Breast  or  revetment  walls  are  very  useful  in 
cuttings.  They  are  generally  employed  to  act  as  a  covering  for  earth 
which  has  sufficient  stability  to  stand  vertically  alone.  They  need  not  be 
of  great  thickness,  provided  they  are  of  sufficient  strength  to  resist  their  own 
weight ;  it  is  advisable  to  raise  them  above  the  level  of  the  ground  where 
the  slope  joins  the  wall,  in  order  to  prevent  stones  and  earth,  which  may 
become  detached  by  the  action  of  the  weather,  from  falling  on  the  roadway. 

71.  Culverts. — Culverts  are  necessary  to  carry  a  roadway  over  a  water- 
course, and  for  conveying  the  surface  water  from  the  road,  as  also  that 
from  the  drains  in  cuttings  and  open  ditches  running  parallel  to  the  axis 
of  the  road,  which  are  conveyed  and  discharged  into  the  stream. 

72.  Waterway  of  Culverts. — Care  should  be  exercised  in  determining 
the  waterway  necessary  for  culverts  under  varying  conditions,  so  that  the 
opening  may  be  built  slightly  in  excess  of  the  actual  requirements.  If 
a  culvert  is  built  too  small,  it  is  liable,  during  floods,  to  be  washed  away, 
along  with  possibly  a  considerable  portion  of  the  embankment,  causing 
interraption  of  traffic  and  heavy  cost  for  repairs. 

Culverts  of  unnecessarily  large  dimensions  involve  a  needless  increase  in 
the  cost  of  construction.  The  area  of  waterway  required  depends  princi- 
pally on  the  following  considerations  : — 

The  maximum  rainfall  during  a  severe  storm. 

The  nature  and  condition  of  the  soil,  and  the  character  and  inclination 

of  the  surface. 
The  area  to  be  drained,  with  special  regard  to  the  number  and  position 
of  the  branch  streams  which  join  that  under  consideration. 
The    annual    recorded    rainfall    for  any  particular  district  does  not 
aid  the  engineer  to  any  extent.     An  average  fall  for  a  given  period  does 
not  necessarily  mean  that  a  fixed   quantity  has  fallen  each  day;  it  is 
possible  that  the  total  recorded  amount  in  a  certain  time  may  have  fallen 
on  one  particular  day,  and  probably  only  during  a  few  hours  of  that  day. 
A  thaw  and  heavy  rain  succeeding  a  fall  of  snow  when  the  ground  is 
frozen,  and  a  heavy  rainfall  during  a  thunderstorm,  are  certainly  th&  worst 
possible  conditions  to  be  provided  for  in  practice. 

The  hard  nature  of  the  surface  of  the  ground  under  the  former  conditions 
precludes  any  moisture  being  absorbed  by  the  soil,  and  this  circumstance, 
combined  with  the  falling  rain  and  melting  snow,  increase  the  difficulty  of 
calculating  the  area  of  waterway  necessary  in  any  particular  case.  Data  of 
a  more  or  less  valuable  nature  may  be  obtained  by  observing  the  flood-mark 
of  a  stream  where  it  is  confined  within  its  banks ;  and  by  taking  a  cross- 
section  of  the  stream  the  actual  area  may  be  computed,  from  which  it  is 
possible  to  determine  with  a  reasonable  degree  of  accuracy  the  necessary  area 
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of  waterway.  Should  any  other  culvert  be  built  over  the  same  stream  within 
a  reasonable  distance  of  the  proposed  crossing,  the  area  of  the  existing 
opening  should  be  measured,  which  will  guide  the  engineer,  to  a  certain 
extent,  in  determining  what  waterway  will  be  necessary.  The  evidence  also  of 
local  parties  when  available  may  likewise  be  of  great  assistance. 

73.  Materials  used  in  Building  Culverts. — Culverts  may  be  con- 
structed of  stone,  brick,  concrete,  iron  pipes,  trough  decking  on  stone  or 
brick  abutments,  or  of  salt-glazed  or  earthenware  pipes.  The  simplest 
form  in  which  a  conduit  built  of  stone  can  be  made  is  shown  in  fig.  29. 
When  suitable  material  is  plentiful,  this  form  of  conduit  is  extensively 
employed.  This  is,  however,  an  expensive  method  of  construction,  when  high 
embankments  are  formed  over  the 

conduit,  as,  owing  to  the  great        "^— ^^^^^  ^^^MIE?^^^  ^jSf  a- 
weight,  large  covers  of  consider- 
able strength  are  necessary,  vary- 
ing in  thickness  up  to  1 2  inches. 

The  side  walls  also  require  to  be 

,.,,.,  ,      .  . ,  Fig.  29.— Section  of  conduit  built  with 

built   of   dressed   stone,   as   the  stone. 

water  flowing    in    the    conduit 

would  eventually  find  its  way  through  the  joints,  if  inferior  masonry  was  used, 

and  possibly  wash  away  the  earth  backing  by  being  thus  softened.    This  may 

result  in  the  failure  of  the  structure  and  consequent  stoppage  of  the  traffic,  as 

well  as  cause  accidents,  involving  the  authorities  in  considerable  expense. 

When  of  a  small  size,   and  therefore  difficult  to  get  at,  repairs  cannot 

be  carried  out  without  stripping  the   material  off  the  road.    Experience 

of    the    maintenance  of   roads   clearly  indicates    that    conduits   built  of 

ordinary  rubble,  and  with  covers  of  insufficient  strength,  combined  with  the 

inferior  quality  of  the  stones  often  employed,  cause  great  trouble  and  expense 

for  repairs. 

74.  Salt-glazed  or  earthenware  pipes  are  now  generally  made  use  of  for 
conveying  small  streams  under  a  road,  and  are  a  reliable  substitute  for  the 
class  of  conduit  just  described,  providing  they  are  properly  laid  and  jointed 
and  the  sides  and  top  of  the  trench  are  filled  in  with  suitable  material.  These 
drain  pipes  vary  in  size  up  to  24  inches  in  diameter.  They  can  be  laid  in 
position  quickly,  and  are  comparatively  less  expensive  than  masonry  con- 
duits of  a  similar  capacity.  Two  or  more  lines  of  earthenware  pipes  may  be 
laid  alongside  of  each  other  when  the  capacity  of  one  is  insufficient.  The 
inlet  and  outlet  ends  of  the  smaller-sized  pipes  should  be  protected  at  the 
toe  of  the  embankment  by  building  round  the  outside  of  pipe  flat-bedded 
stones  finished  with  a  sod  cope  ou  top.  The  large-sized  class  of  earthen- 
ware pipes  are  generally  protected  by  forming  a  pitched  slope  or  wing- 
wall  to  retain  the  embankment  in  position,  and  likewise  to  assist  in  direct- 
ing the  current  of  water  into  the  culvert  on  the  up-stream  side  of  road. 
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In  laying  these  pipes  care  should  be  taken  to  ensure  a  straight 
line  being  preserved,  and  that  the  outside  joints  are  properly  filled  and 
finished  with  cement;  the  inside  joints  also  should  be  pointed  when  possible, 
and  thoroughly  wiped  to  remove  any  projecting  particles  of  cement,  and 
lessen  the  chance  of  obstruction.  The  trench  should  be  filled  up  under 
and  round  the  body  of  the  pipes  with  material  free  from  stones,  such  as 
sand,  furnace  ashes,  or  similar  material,  the  whole  being  well  punned. 
When  earthenware  pipes  are  situated  under  a  high  embankment,  it  is  neces- 
sary to  strengthen  them  by  placing  concrete  under  and  around  the  outside 


Elevation.  Section. 

Fios.  30,  81. — 15-iiicb  stoneware  pipe  drain  or  condait. 

of  the  pipes.  The  upper  portion  of  the  pipes  should,  as  a  rule,  never  be  less 
than  2  feet  below  the  surface  of  the  road.  Instances  occur,  however,  where 
the  conduit  pipe  has  to  be  laid  only  one  foot  below  the  road  surface  in  order 
to  gain  a  sufficient  fall,  and  in  such  cases  the  pipes  must  be  bedded  in  and 
covered  with  fine  concrete.  This  method  should  be  avoided,  if  at  all  possible ; 
but  if  it  cannot  be  so,  the  expedient  of  raising  the  road  level  should  be  adopted, 
which  is  an  expensive  alternative.  The  outlet  or  tail-end  of  conduits  should 
have  a  sufficient  fall,  so  as  to  discharge  the  water  quickly,  and  prevent  back- 
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Fig.  32.— End  elevation  of  2  feet 
single  stoneware  conduit. 


6  ,  6' 

Fig.  33. — Section  of  double  stoneware 
pipe  conduit 


water  reaching  the  pipes.  The  freezing  of  water  in  the  pipes,  when  such  a 
condition  exists,  tends  to  destroy  them,  so  that  a  proper  inclination  for  both 
the  pipes  and  the  outlet  of  the  stream  is  imperative. 

75.  The  diagrams,  figs.  30,  31,  32,  and  33,  show  the  method  of  construc- 
tion adopted  with  earthenware  pipes  described  in  the  preceding  paragraphs. 
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76.  Iron  pipes  are,  under  certain  conditionB,  a  very  useful  substitute 
for  earthenware  pipes  and  conduits  built  of  stone  or  brick. 

When  the  foundation  is  in  soft  material,  a  bed  of  concrete  is  formed, 
varying  in  thickness  from  9  inches  to  3  feet^  according  to  the  size  of 
pipes  and  the  solidity  necessary  to  ensure  stability.  The  joints  when  of 
spigot  and  faucet  should  be  caulked ;  those  having  flanges  should  be  bolted 
together,  and  any  open  spaces  filled  in  with  cement.  The  filling  or 
backing  should  be  carefully  ranmied  to  prevent  the  water  forming  a  channel 
along  the  outside;  the  ends  should  also  be  protected  by  wing-walls  or 
pitched  slopes  similar  to  the  practice  adopted  in  the  case  of  earthenware 
pipes.  The  space  between  the  wing-waUs  at  either  end  should  be  pitched 
where  any  scouring  action  of  the  stream  when  in  flood  is  anticipated,  as  by 
so  doing  the  possibility  of  the  foxmdations  of  the  wing-walls  being  xmder- 
mined  is  prevented,  especially  at  the  inlet  end. 

77.  Arched  Culverts. — It  is  more  economical  to  build  stone  or  brick- 
arched  culverts  when  the  waterway  of  a  stream  necessitates  a  span  of  over 
5  feet.  The  arch  may  take  the  form  of  a  semicircle,  segment  of  a  curved 
ellipse,  or  compound  curve  having  different  radii  The  latter  two  forms  are 
seldom  employed  in  culverts  of  small  span,  that  of  the  segmental  arch  being 
generally  made  use  of.  By  adopting  a  flat  arch,  the  embankment  forming 
the  approach  to  and  over  the  stream  may  be  reduced  in  height  below 
what  would  be  required  if  a  semicircular  arch  were  constructed. 

78.  The  small  convexity  or  rise  of  arch  in  relation  to  the  span  adopted 
at  times  in  practice  presents  a  weakness,  while  the  horizontal  thrust  on  the 
abutments,  inseparable  from  this  form  of  arch,  is  very  great. 

79.  The  semicircle  should  always  be  adopted  in  small  spans,  and  when- 
ever possible,  in  those  of  moderate  span,  as  this  class  of  arch  offers  advan- 
tages in  simplicity  of  form,  great  strength,  and  small  lateral  thrust. 

80.  The  employment  of  steel  trough  decking  for  culverts  has  of  late 
years  been  greatly  advocated  and  applied  in  practice ;  they  present  a  form 
of  great  strength,  and  can  be  erected  expeditiously.  The  necessity  for 
making  an  embankment  in  the  case  of  arches  is  to  a  great  extent,  if  not 
entirely,  avoided  by  adopting  this  method  of  construction.  Steel  trough 
deckiag  of  a  light  section  suitable  for  small  spans,  such  as  that  adopted  in 
the  building  of  culverts,  is  manufactured  for  spans  of  from  4  to  10  feet^ 
the  weight  of  which  is  from  20  lbs.  per  square  foot  upwards. 

81.  The  depth  or  thickness  of  arch  stones  for  culverts  depends  upon 
the  span,  the  form  of  the  arch,  and  the  class  and  quality  of  material 
employed  in  its  construction.  These  remarks  also  apply  in  a  measure  to 
the  thickness  to  be  given  to  abutments,  which  will  be  treated  under 
Bridges, 

82.  Fig&  34,  35,  and  36  show  the  different  forms  of  construction  usually 
adopted  and  described  in  the  preceding  paragraphs.   Fig.  34  represents  a  cross- 
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section  of  a  6-feet  culvert  built  of  brickwork  or  concrete,  with  semicircular 
arch  and  an  invert,  the  finished  road  level  being  shown  2  feet  above  the 
arch.     When  the  bed  of  the  stream  has  a  considerable  declivity,  and  there 


is  consequently  a  risk  of  wearing  away  of  the  bed  during  freshets,  an  invert 
between  the  abutments  should  be  provided.  The  space  between  the  wing- 
walls,  and  for  a  distance  along  the  bed  of  the  stream  beyond  the  newels, 
should  also  be  pitched  to  prevent  the  undermining  of  the  structure. 


Fig.  35. — Section  of  10-feet  culvert  built  with  brickwork. 

Fig.  35  shows  a  culvert  built  of  brickwork,  the  span  being  10  feet,  and 
having  a  segmental  form  of  arch  with  a  rise  or  versed  sine  of  one-fifth  the  span. 
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This  arrangement  admits  of  a  reduc- 
tion in  the  height  of  the  embankment 
in  forming  a  road  compared  with  a  semi- 
circular arch.  The  stream  is  assumed  to 
have  a  gentle  current,  and  the  bed  not 
liable  to  be  scoured  or  worn  by  freshets. 
It  will  also  be  observed  that  a  springer 
course  of  stones  is  introduced,  which 
afifords  a  more  solid  and  efficient  means 
of  starting  the  building  of  the  arch  than 
would  be  possible  by  forming  the  skew- 
back  with  bricks  alone. 

Fig.  36  shows  the  principle  of  steel 
trough  decking  applied  to  culverts,  where 
the  raising  of  an  embankment  would  be 
necessary  if  a  semicircular  arch  were 
adopted.  The  general  arrangement  is 
shown  in  the  illustration,  the  trough 
decking  occupying  a  depth  of  only  8 
inches,  the  space  between  the  ridges  being 
filled  with  concrete,  and  the  metalling 
applied  to  a  thickness  of  12  inches  or  an 
inclusive  depth  of  20  inches  from  the 
under  side  of  beams  to  the  finished  surface 
of  the  road.  With  a  semicircular  arch 
the  finished  surface  of  the  metalling 
would  be  at  least  10  feet  9  inches  above 
the  belt  or  springer  course :  whereas,  using 
the  trough  decking,  there  is  a  saving  of  9 
feet  of  unnecessary  embankment,  at  the 
site  of  the  structure,  and  which,  if  carried 
out,  might  cost  from  £50  to  £200. 

83.  It  is  advisable  to  construct  catch- 
pits  at  the  entrance  to  all  drains  and 
culverts  in  localities  where,  during  a 
heavy  rainfall,  there  is  any  likelihood  of 
debris  or  boulders  being  washed  down 
the  stream.  They  should  be  about  3 
feet  deep,  and  of  the  full  width  of  the 
water-course,  and  be  faced  with  stones 
built  dry  or  in  lime  mortar. 

84.  Bridges. — Bridge  designing  and 
building    is    a   very   extensive    subject. 
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and  embraces  the  selection   and  disposition  of  various  materials  under 
different  circumstances. 

Tn  a  work  on  road  making  the  leading  features  necessary  to  be  observed 
in  the  erection  of  ordinary  structures  can  only  be  touched  upon.  The  author 
refers  his  readers  for  further  information  to  the  many  valuable  works 
published  specially  on  this  subject. 

85.  Materials  used  for  Buflding  Bridges. — Bridges  may  be  built  of 
stone,  brick,  concrete,  cast  iron,  or  steel ;  or  a  combined  structure  of  masonry 
and  steel  girders  may  be  adopted.  Wooden  bridges  are  sometimes  erected 
in  localities  where  timber  is  available,  but  generally  these  are  of  a  temporary 
nature,  and  do  duty  untU  permanent  structures  are  substituted. 

86.  Sdecting  Sites  for  Bridges.— The  selection  of  a  site  for  a  bridge, 
unless  it  is  predetermined  by  a  line  of  road  which  cannot  be  changed, 
should  be  one  which  afifords  the  greatest  security  for  the  foundations,  and 
is  otherwise  the  fittest  for  economical  construction.  The  centre-line  of  the 
bridge  should  be,  if  possible,  set  out  perpendicularly  to  the  direction  of  the 
flow,  and  on  a  straight  part  of  the  stream  or  river  to  be  crossed.  Where  the 
locality  does  not  admit  of  crossing  at  right  angles,  the  bridge  assumes  an 
oblique  direction,  which,  besides  adding  to  the  difficulties  of  construction, 
greatly  increases  the  cost  of  erection.  When  the  width  of  the  river  to  be 
bridged  is  great,  it  may  be  advantageous  to  divide  the  opening  into  bays  by 
the  erection  of  piers.  The  position  of  these  must  be  parallel  to  the  flow  of 
the  stream,  otherwise  the  faces  of  the  piers  would  be  exposed  to  the  effects 
of  the  water  striking  against  them  obliquely ;  they  should  be  further  pro- 
tected by  cut-waters  or  starlings  in  order  to  ward  off  any  floating  material 
such  as  ice  or  timber. 

87.  Waterway  of  Bivers. — ^As  the  area  of  the  waterway  will  be  to  a 
certain  extent  reduced  if  piers  are  erected  in  mid-stream,  provision  should 
be  made  for  this  by  increasing  the  total  width  of  opening  between  the  abut- 
ments, the  object  aimed  at  being  to  maintain  the  original  force  and  direction 
of  the  current.  If  the  cross-section  is  diminished  it  will  cause  an  amount 
of  damming  back  of  the  water,  which,  when  it  rises  to  a  certain  height, 
will  increase  the  velocity.  This  may  cause  damage  by  flooding  the  adjoining 
land,  or  the  bed  of  the  stream  may  suffer  by  being  worn  away.  On  the 
other  hand,  a  greatly  enlarged  cross-section  will  have  the  effect  of  decreas- 
ing the  current,  and  causing  the  bed  of  the  stream  to  become  sQted  up  with 
deposits  from  the  higher  reaches. 

What  may  naturally  be  expected  under  such  circumstances  is  the  forma- 
tion of  banks,  and  should  th«se  accumulate  to  any  extent,  a  diminished  area 
or  cross-section  is  the  result. 

With  a  series  of  bays,  however,  it  is  possible  that  only  a  few  of  these 
may  be  passing  the  water  of  the  stream  in  its  normal  condition.  The 
increased  currents  induced  by  the  alteration  of  the  bed  of  the  stream  will 
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have,  during  floods,  a  tendency  to  scour  the  bottom,  and  may  eventually 
prove  destructive  to  the  structure  by  undermining  the  foundations. 

88.  Nature  of  Material  of  Foundations. — Before  deciding  on  the  design 
of  a  bridge,  it  is  necessary  to  thoroughly  examine  the  nature  of  the  material 
on  which  the  foundation  of  the  structure  will  rest.  The  usual  method  of 
ascertaining  this  is  by  sinking  trial-pits  to  a  suitable  depth,  or  by  boring, 
and  from  the  results  obtained  the  class  of  foundation  necessary  may  be  deter- 
mined. The  nature  of  the  different  soils  in  connection  with  foundations 
are  generally  divided  into  three  classes. 

The  first,  or  incompressible  material  composing  the  strata,  includes  rock 
and  such  other  material  the  stability  of  which  is  not  impaired  when 
saturated  by  water. 

The  second  class  embraces  such  material  as  compact  stony  soUs,  dry 
gravel  and  sharp  sand. 

The  third  class  includes  all  materials  which  are  compressible  or  spread 
laterally  under  pressure,  such  as  ordinary  clay,  the  common  earths,  soft 
sand  and  marshy  soils,  which  are  usually  in  a  more  or  less  compact  state, 
and  sometimes  in  a  semi-fluid  condition. 

On  a  foundation  of  rock  the  bed  is  prepared  by  levelling  its  surface, 
and  removing  all  loose  and  decayed  pieces,  reducing  all  projecting  points 
and  filling  up  all  hollows  with  flat  rubble,  masonry,  or  concrete. 

Where  the  stratum  composing  the  rock  dips,  or  inclines  to  the  horizon, 
it  should  be  stepped,  all  inequalities  being  filled  in  with  concrete.  The 
surfaces  thus  prepared  should  be  perpendicular  to  the  direction  of  the 
pressure  which  the  foundation  has  to  sustain,  and  the  courses  composing 
such  foundation  should  have  an  area  sufficient  to  bear  that  pressure  with 
safety. 

89.  Safe  Load  on  Foundations.— The  safe  load  allowed  on  foundations 
of  the  first  class  ought  not  to  exceed  one-eighth  of  the  pressure  which  would 
crush  it.  For  general  purposes  this  may  be  reckoned  at  9  tons  per  square 
foot  on  rock  of  moderate  hardness,  and  2  tons  per  square  foot  on  soft  sand- 
stone; while  rock  equal  in  strength  to  good  cement  concrete  can  safely 
sustain  a  load  of  3  tons  on  the  square  foot. 

Foundations  on  the  second  class  of  materials  have  considerable  f  rictional 
stability  when  the  stratum  is  not  affected  by  being  saturated  with  water. 
These  must  be  excavated  to  such  a  depth  that  the  structure  will  rest  on  ground 
not  likely  to  be  impaired  by  the  disintegrating  effects  of  frost  which  has  been 
pointed  out  under  the  article  on  culverts.  The  safe  load  or  greatest  pressure 
permitted  in  practice  on  soils  for  foundations  of  this  class  is  generally  from 

1  ton  to  1*5  tons  per  square  foot.  The  foundation  courses,  or  footings,  are 
usually  spread  out  to  a  considerable  extent  beyond  the  ordinary  thickness 
of  the  waUs  they  sustain,  such  breadth  being  as  a  rule  made  1^  and 

2  times  that  thickness  in  gravel  and  on  hard  clay  and  sand  respectively. 
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Foundations  on  materials  of  the  third  class  present  difficulties  of  a 
varying  nature.  The  precautions  necessary  to  obtain  a  safe  foundation 
require  in  many  instances  special  treatment^  involving  a  correspondingly 
greater  expenditure.  On  the  firmer  soils  of  this  class,  the  usual  practice  is 
to  lay  a  bed  of  concrete  varying  in  depth  from  3  to  6  feet,  making  the 
breadth  of  base  as  wide  as  practicable.  On  material  which  is  not  homo- 
geneous or  is  liable  to  lateral  yielding,  stability  is  promoted  by  enclosing 
the  area  of  the  foundation  by  sheet  piles  from  5  to  10  feet  long.  The 
soft  material  composing  the  soil  is  then  excavated  to  the  required  depth, 
and  sand  or  other  suitable  material  of  a  stable  character  spread  in  layers 
and  punned ;  this  forms  to  a  certain  extent  a  natural  sand  foundation. 

90.  The  filling  material,  so  as  to  ensure  greater  stability,  may  be  com- 
posed of  concrete,  and  although  in  certain  cases  this  may  appear  an  excess 
of  precaution,  it  is,  nevertheless,  advisable  to  adopt  this  method  of  construc- 
tion when  the  soil  is  not  of  a  uniformly  compressible  nature. 

It  is  necessary,  in  order  to  maintain  the  foundations  in  a  stable  con- 
dition, that  all  water  in  close  proximity  be  got  rid  of  by  draining. 

91.  Timber  Platform  Foundations.~Timber  platforms  have  been  used 
as  an  expedient,  where  the  soil  forming  the  foundation  was  of  a  wet  and 
soft  description,  with  a  view  to  distribute  the  weight  of  the  structure 
uniformly  on  its  surface.  This  method  of  construction  consists  in  the  laying 
of  heavy  timbers  at  some  distance  apart  longitudinally  and  crosswise,  forming 
a  grating,  the  spaces  between  the  timbers  being  filled  with  material  of  a 
stable  nature,  or  with  concrete;  the  whole  being  surmounted  with  planks 
3  or  4  inches  thick  fixed  to  the  timbers  and  upon  which  the  building  rests. 

Another  method  of  forming  timber  platforms  is  to*lay  several  tiers 
of  planks  well  spiked  together.  The  durability  of  these  foundations  is 
dependent  on  their  being  constantly  in  a  wet  condition. 

92.  Piling  Foundations. — Where  the  nature  of  the  stratum  is  so  soft 
or  unstable  that  any  of  the  foregoing  methods  cannot  be  applied,  recourse 
must  be  had  to  piling.  Bearing-piles  of  varying  length  and  from  9  to  18 
inches  in  diameter  are  driven  into  the  soil  to  sustain  the  superincumbent 
weight.  These  are  spaced  from  2J  to  4  feet  apart,  and  over  the  entire 
area  which  the  structure  will  occupy.  When  placed  too  close  the  driving 
in  of  one  pile  may  have  the  effect  of  raising  the  others.  They  are  driven, 
in  the  majority  of  cases,  through  the  soft  material  and  should  penetrate  a 
short  distance  into  the  hard  stratum  underneath. 

.  98.  A  safe  load  on  piles  under  these  conditions  may  be  taken  at  1000  lbs. 
per  square  inch  on  the  area  of  its  head.  In  the  case  of  a  hard  stratum  not 
being  attainable  at  a  reasonable  depth,  the  piles  are  then  wholly  supported  in 
position  by  friction ;  a  safe  load  of  only  200  lbs.  per  square  inch  of  area  of 
head  is  permissible  under  such  circumstances.  The  driving  points  of  piles 
are  armed  with  a  cast  iron  shoe,  fixed  on  by  wrought  iron  straps,  the  weight 
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of  these  varying  according  to  the  dimensions  of  the  pile.  The  head  is 
protected  by  a  wrought  iron  hoop,  which  prevents  it  being  split  by  the 
blows  from  the  ram  of  the  piling  machine.  In  order  to  ascertain  when  a  pile 
has  been  sufficiently  driven  home,  a  test  should  be  resorted  to ;  that  given 
by  Professor  Rankine  is,  "  No  further  penetration  should  take  place  than 
one-fifth  of  an  inch  by  thirty  blows  of  a  ram  weighing  800  lbs.  falling  5  feet 
at  each  blow." 

The  heads  of  each  set  of  piles  are  sawn  ofif  level  to  the  desired  height 
to  receive  the  platform,  which  consists  of  string  and  cross  pieces  10  to 
12  inches  square,  and  half -notched  into  each  other,  laid  directly  on  the  pile 
heads  and  fixed  by  spikes.  These  wooden  beams  or  cross  and  string  pieces 
are  surmounted  by  planks  3  to  4  inches  thick,  on  which  rests  the  lower 
foundation-course  of  the  structure.  Previous  to  fixing  the  planking,  the 
soil,  to  a  depth  of  from  3  to  6  feet  below  the  level  of  the  head  of  the  piles, 
is  excavated  or  scooped  out,  and  the  space  up  to  the  under  side  of  planks 
filled  in  with  concrete. 

94.  Iron  and  Screw  Piles. — Hollow  iron  piles  are  sometimes  used  for 
a  similar  purpose,  the  blow  of  the  ram  being  transmitted  by  using  a  block 
of  wood  or  dolly  on  the  head  of  the  pile. 

Screw  piles  are  likewise  used.  These  are  sometimes  made  of  wood,  but 
are  usually  cast  iron  hollow  cylinders,  with  a  screw  blade  attached  at  the 
foot,  having  a  diameter  of  from  two  to  eight  times  that  of  the  shaft  of  the 
pile,  according  to  the  nature  of  the  soil  to  be  penetrated.  The  method 
adopted  in  fixing  the  piles  in  their  permanent  position  is  that  of  turning 
them  around,  with  the  screw  attached,  by  levers  fastened  to  and  radiating 
from  a  capstan  fitted  on  to  the  shaft  of  the  pile. 

95.  Coffer-damB. — ^The  foundations  of  abutments  and  piers  of  a  bridge 
crossing  a  river  require  in  their  construction  additional  protective  works  as 
compared  with  similar  erections  on  land.  Co£Eer-dam8  have  been  employed 
as  a  means  of  assisting  in  preparing  the  bed  for  foundations,  and  securing 
them  from  the  action  of  water.  They  are  generally  constructed  of  guide 
piles  12  to  15  inches  square,  spaced  at  intervals  of  from  6  to  10  feet,  and 
driven  to  the  desired  depth.  Two  longitudinal  waling  pieces,  notched,  are 
bolted  to  each  side  of  the  guide  piles,  the  lower  set  being  fixed  as  far  down 
as  the  water  level  of  the  river  will  permit ;  the  other  set  should  be  attached 
near  the  head  of  the  piles.  Between  the  guide  piles  and  in  the  space 
formed  by  the  waling  pieces,  sheet  piles  3  to  6  inches  thick  are  driven 
as  close  together  as  possible  and  to  the  desired  depth.  At  a  proper 
distance  apart,  generally  from  4  to  6  feet,  another  line  of  guide  and 
sheet  piles  are  driven  parallel  to  the  first  row,  forming  a  long  narrow 
trough,  enclosing  the  site  where  the  foundations  are  to  be  laid. 

The  soil  between  these  rows  of  piles  is  removed,  sometimes  by  dredging, 
until  a  hard  compact  stratum  is  reached.      The  whole  space  up  to,  in  many 
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instances,  a  few  feet  above  flood  level  is  filled  with  clay  puddle.  When 
the  coffer-dam  is  complete,  the  water  it  contains  is  pumped  out  and  the 
ground  excavated  to  the  required  depth  when  the  foundation  courses  are 
commenced,  or  a  thick  bed  of  concrete  is  spread  over  the  space  between  the 
piling. 

A  single  row  of  guide  and  sheet  piles  is  sometimes  made  use  of  as 
shown  in  flg.  37,  the  scantlings  of  the  timber  being  heavier  than  those  used 
for  forming  a  double  row.  Great  care  must  be  exercised,  in  driving  the 
sheet  piles,  in  order  to  obtain  an  impervious  coffer-dam,  while  it  must  be 
thoroughly  braced  internally  to  resist  the  pressure  of  the  water  surrounding 
it.     These  methods  of  obtaining  a  foundation,  although  much  practised  in 
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Fig.  87. — Section  of  coffer-dam  showing  single  line  of  guide  and  sheet  piles. 


past  years,  and  still  adopted  to  a  limited  extent  on  small   works,  have 
been  superseded  by  the  system  of  caisson  foundations. 

The  coffer-dams  just  described  are  costly  to  constiuct,  and  cause  a 
considerable  obstruction  in  a  river  or  stream,  while  if,  owing  to  the  work 
not  being  carefully  executed  or  to  the  external  pressure  of  the  water  being 
great,  they  are  not  water-tight,  constant  pumping  is  necessary  in  order  to  keep 
the  foundation-bed  dry  during  the  progress  of  that  portion  of  the  work. 

95a.  Cylinders  and  Caisson  Foundations. — Cylinders  or  caissons  are  now 
extensively  used,  in  building  bridges  of  any  magnitude  across  rivers,  as  a 
means  of  securing  a  stable  foundation,  for  which  purpose  they  are  admirably 
adapted,  and  at  the  same  time  they  are  comparatively  inexpensive.  The 
superstructure  of  a  bridge  may  be  supported  by  two  or  more  cylinders 
joined  by  arches  or  ties  at  a  convenient  level,  on  which  the  abutments 
or  piers  are  built. 

A  cylinder,  6  feet  or  more  in  diameter,  made  of  cast  iron,  or  of  steel 
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built  in  segments,  bolted  together,  and  having  the  joints  made  water  or  air 
tight,  is  the  form  generally  adopted.  The  base,  which  is  sometimes  of  a 
greater  diameter  than  the  cylinder,  is  formed  with  a  tapering  piece  having  a 
cutting  edge.  The  interior  of  the  cylinder  is  lined  with  one  or  more  rings  of 
brickwork,  which  will  give  it  weight,  and  thereby  add  to  the  efficiency  of 
the  cuttiag  edge  in  sinking.  The  material  inside  the  caissons  is  removed  by 
dredging,  or  by  the  use  of  mechanical  excavators.  When  they  have  to  be 
sunk  to  a  great  depth,  the  use  of  compressed  air  is  invaluable  in  carrying 
on  the  operations.    It  is  necessary  to  exercise  great  care  in  sinking  cylinders, 


Fig.  88. — Cylinder  foundations  for  piers. 

€0  as  to  retain^ them  in  a  vertical  position,  while  their  location  in  relation  to 
the  line  of  the  bridge  demands  attention. 

When  the  excavations  have  been  made  to  the  desired  depth,  the  space 
inside  the  cylinders  is  filled  up  to  a  certain  height,  generally  the  normal 
water  level,  with  concrete. 

This  method  of  forming  foundations  with  cylinders  is  shown  at  fig.  38. 

96.  Abutments  and  Piers. — ^These  generally  consist  of  masonry,  em- 


8o  ROAD   MAKING   AND   MAINTENANCE. 

bracing  stone,  brickwork,  concrete,  ironwork,  and  occasionally  timber.  It 
is  advantageous  in  building  abutments  and  piers  to  reduce  the  weight,  if 
possible,  by  forming  hollows  or  narrow  archways  in  them  so  as  to  promote 
economy  and  stability.  These  openings  must  have  inverted  arches  at  the 
bottom  to  distribute  the  load  over  as  great  a  base  as  possible,  and  may 
occupy  one-third  of  the  total  volume  of  the  wall. 

97.  Thickness  of  Abutments. — In  practice,  the  thickness  given  to  the 
abutments  of  bridges  varies  from  one-third  to  one-fifth  of  the  radius  of  the 
arch  at  the  crown.  In  bridges  the  superstructure  of  which  is  formed  with 
girders,  the  dimensions  necessary  for  stability  are  regulated  by  their  suffi- 
ciency to  bear  the  vertical  pressure  transmitted  by  the  superstructure. 

98.  Thickness  of  Piers. — Piers  carrying  arches  of  small  span  should  be 
broad  enough  to  accommodate  the  combined  thickness  of  both  arches  and 
also  allow  of  a  space  of  at  least  6  inches  between  them.  In  practice,  the 
thickness  generally  given  to  the  top  of  a  pier  sustaining  large  arches  aver- 
ages from  one-sixth  to  one-tenth  of  the  span ;  in  viaducts,  '  abutment  piers ' 
are  introduced  at  each  fifth  or  sixth  pier,  and  generally  have  a  thickness  of 
one-fourth  of  the  span.  The  object  of  building  abutment  piers  is  to  limit 
the  destructive  effect  of  an  accident  to  any  of  the  intermediate  sections. 

High  piers,  in  addition  to  the  thickness  allowed  for  according  to  the 
preceding  rules,  are  generally  built  with  a  batter  of  1  in  12. 

99.  Arches. — Arches  may  be  constructed  of  cut  stone,  brickwork,  con- 
crete, iron,  or  timber.  In  form  they  may,  for  bridges  of  large  span,  be 
semicircular,  elliptical,  or  a  flat  circular  arc ;  the  latter,  with  a  rise  of  one- 
fourth  of  the  span,  is  greatly  made  use  of  in  practice,  and  is  considered  the 
simplest  and  strongest  form  of  arch. 

The  stones  composing  the  arch  of  a  bridge  up  to  80  feet  span  are  gener- 
ally made  of  the  same  depth ;  beyond  this  span  it  is  essential  that  the  depth 
of  the  arch  stones  towards  the  abutments  should  be  increased  from  one- 
fourth  to  one-half  that  of  the  keystone. 

100.  Depth  of  Arch  Stones. — ^The  following  empirical  expression  in 
general  use  for  the  depth  of  the  keystone  is  given  by  Professor  Rankine — 

when  D  equals  the  depth  of  the  keystone,  C  is  a  constant  and  r  the  radius 
of  the  arch  in  feet  at  the  crown.     The  value  of  C  is  as  follows : — 

Table  IX. 

For  first-class  stonework,  .  .       C  —  *36 

For  second-class  stonework,  .  .       C  =   *4 

For  brick  and  rubble,  .  .       C  «   '46 

The  joints  of  cut  stones  or  ashlar  forming  an  arch  should  have  a  moderate 
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degree  of  roughness  to  resist  displacement  by  sliding,  and  also  to  aid  the 
adhesion  of  the  mortar. 

It  is  essential  that  these  joints  should  be  properly  dressed  to  template 
and  fitted  in  position,  to  test  their  accuracy  before  they  are  finally  laid 
in  mortar.  The  arch  stones  should  be  properly  bonded,  that  is,  overlapped 
or  break  jointed;  this  has  the  e£Eect  of  distributing  the  pressure  and  of 
tying  the  building  together. 

101.  Brick  Arches. — Brick  arches  may  be  built  of  gauged  or  of  common 
shaped  bricks.  In  practice  the  latter  are  generally  employed,  the  arch 
being  built  in  concentric  rings  half  a  brick  thick.  They  are  thus  all  laid  as 
stretchers,  a  somewhat  deficient  form  of  construction ;  the  upper  joints 
should  therefore,  especially  in  arches  having  a  considerable  rise,  be  pinned 
with  pieces  of  slate,  and  built  with  cement  mortar  as  tenacious  as  the  bricks 
themselves,  to  insure  the  several  rings  of  bricks  being  properly  connected. 

Headers  are  sometimes  introduced  at  intervals,  which  embrace  one  line 
more  of  stretchers  in  the  second  than  in  the  first  course,  so  that  by  this 
means  the  continuity  of  the  concentric  rings  is  broken. 

Brickwork  arches  are  usually  built  of  the  following  dimensions : — 

Table  X. 

Arches  of  12  feet  span  are  made  14}  inches  thick. 
II        24        fj  ,,        18  ,, 

II        80        ,,  ,,        22}  ,, 

II         40         }}  ),         27  ft 

The  backing  of  an  arch  may  consist  of  coursed  ashlar,  rubble  masonry, 
or  concrete,  built  to  a  proper  level.  Provision  should  be  made,  in  the  event 
of  water  finding  its  way  from  the  road  surface,  to  protect  the  arch  and 
backing  by  covering  the  exposed  surface  with  asphalte,  and  collecting  and 
discharging  the  water  by  suitable  means  through  the  arch  at  the  lowest 
points  to  the  surface  of  the  ground. 

102.  Spandiil  Walls.— The  walls  built  on  the  top  of  the  arch  rings  up 
to  the  level  of  the  roadway  are  called  spandrils;  these  should  be  of  sufiicient 
strength  to  withstand  the  lateral  pressure  of  the  filling  material  and  the 
traffic. 

In  many  cases  it  is  advantageous  to  introduce  internal  spandril  walls 
built  parallel  to  the  external  ones  on  the  top  of  the  arch,  and  covered  with 
flat  stones ;  or  small  transverse  arches  may  be  turned  between  the  walls  to 
support  the  material  forming  the  bottoming  of  the  highway,  the  spaces 
underneath  being  left  hollow.  W^hen  these  internal  spandril  walls  are  high, 
they  should  be  strengthened  by  building  cross  walls  at  intervals. 

This  method  of  construction  is  favourable  to  stability  and  lightness,  and 
when  adopted  the  external  spandril  walls  become  abutments  to  the  trans- 
verse arches,  and  therefore  must  have  sufficient  stability  to  withstand  the 
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thrust  imposed  upon  them.  The  exterior  spandril  walls  immediately  above 
the  keystone  of  the  arch  at  each  side  are  in  most  cases  finished  with  a 
projecting  string  course,  on  which  the  parapets  of  the  bridge  are  erected. 

103.  Forming  Embankments  over  Bridges  and  Culverts. — In  forming 
embanking  over  culverts  and  arches  of  bridges,  near  abutments,  wing-walls, 
and  retaining  walls,  care  must  be  taken  not  to  injure  the  masonry  by  unequally 
distributed  or  sudden  pressures.  As  a  precaution,  dry  earth  should  be 
spread  in  thin  layers  and  rammed  immediately  behind  and  extended  to  a 
distance  of  about  8  feet  from  the  masonry.  It  is  also  essential,  when 
banking  over  large  arched  bridges  and  culverts,  to  carry  it  up  simultane- 
ously on  either  side  to  prevent  unequal  lateral  pressures  against  the 
structure. 

104.  Centering. — Considerable  attention  must  be  given  to  the  construc- 
tion of  the  centres,  an  indispensable  accessory,  on  which  the  arch  stones 
are  supported  during  erection.     They  are  constructed  of  timber,  and  consist 


Fia.  89. — Showing  scantlings  and  arrangement  of  centres  for  a  bridge  of  20  feet  span. 


of  parallel  frames  or  ribs,  which  should  be  made  as  rigid  as  possible.  Tliis 
rigidity  is  best  attained  by  adopting  one  of  the  three  following  plans  stated 
in  Professor  Rankine's  Civil  Engineering :— (1)  Direct  supports,  (2)  inclined 
struts  in  pairs,  and  (3)  trussed  wooden  girders.  For  small  arches  the  centres 
may  consist  of  several  light  frames  or  ribs,  made  up  in  one  or  more  thick- 
nesses and  bolted  together.  The  upper  edge  is  curved  to  suit  the  intrados 
of  the  arch,  and  on  the  top  of  these  ribs  planks  are  laid  called  laggings. 
Uprights  with  soles  and  sills  are  placed  near  the  springing  of  the  arch,  and 
a  similar  arrangement  is  carried  out  at  intermediate  points  between  the 
abutments  or  piers  where  practicable.  For  light  arches  the  ribs  may  be 
erected  according  to  the  size  of  the  timber  used  for  the  framework,  and  the 
distance  apart  at  which  the  ribs  are  placed. 

Fig.  39  shows  what  would  be  suitable  for  an  arch  of  20  feet  span  and 
of  brickwork  18  inches  thick.  The  ribs  may  be  spaced  at  from  3  to  5 
feet  apart,  according  to  the  weight  of  arch,  the  laggings  being  1^  inch 
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thick  in  the  former  case,  and  2  inches  in  the  latter.  The  struts  are  placed 
as  shown  in  the  figure,  or  they  may  be  fixed  at  right  angles  to  the  arch,  as 
shown  by  the  dotted  lines.  The  centering  shown  in  fig.  39  has  a  support 
midway  between  those  at  the  abutments.  With  a  span  of  15  feet  similar 
scantlings  of  timber  may  be  used,  but  without  the  centre  support.  Centres 
for  large  arches  are  constructed  of  heavy  timber,  and  are  sustained  either 
on  intermediate  supports  across  the  span,  or,  when  this  is  not  practicable, 
on  the  foundations  of  the  abutments  or  piers  at  both  sides.  In  the  former 
case,  with  arches  of  considerable  span,  the  curved  parts  of  the  ribs 
carrying  the  laggings  are  supported  by  struts  sometimes  placed  perpendicu- 
larly to  the  intrados,  resting  upon  horizontal  beams  fixed  on  upright  timbers, 
or  piles  for  river  work,  carried  up  from  the  ground  level.  These  struts  may 
also  be  placed  in  a  vertical  position  and  be  strengthened  by  diagonal 
bracing  to  counteract  any  tendency  to  lateral  flexure.  With  this  form  of 
centre  the  frame  is  not  liable  to  change  shape  should  the  building  of  the 
arch  stones  be  carried  up  to  a  greater  extent  on  one  side  than  on  the 
other  during  construction. 

In  the  other  case  mentioned,  where  an  intermediate  support  for  the 
centres  cannot  be  fixed  sufficiently  near  each  other,  a  system  of  inclined 
struts  in  pairs  or  trussed  wooden  girders  should  be  employed,  but  this  is  a 
complicated  arrangement.  Stiffness  being  essential,  polygonal  frames  and 
timber  arches  should  be  avoided,  owing  to  their  flexibility. 

105.  Wedges  and  Striking  Blocks  for  Bridge  Centres. — It  is  neces 
sary,  when  erecting  a  centre,  that  provision  be  made  for  its  being  easily 
removed  when  the  arches  are  completed.  The 
simplest  method  of  accomplishing  this,  especially  in 
centres  of  small  bridges,  is  that  of  placing  double 
wedges  having  a  taper  of  1  in  6  or  1  in  8,  on  the  sills 
immediately  under  each  rib  or  centre,  as  shown 
in  fig.  40.  For  large  spans  wedge-shaped  steps  are 
employed  called  stnhing  plcUes.  It  is  of  the  utmost 
importance,  especially  in  bridges  of  very  long  spans, 
that  the  centres  should  be  lowered  gradually  in 
order  to  allow  the  arch  to  take  equal  settlement. 

The  wedges  should  have  a  long  taper  of  about 
1  in  10,  and  be  marked  in  a  distinctive  manner  so 
that  each  rib  may  be  lowered  by  an  equal  amount 
at  the  same  time.  The  time  and  extent  of  easing  and  striking  centres 
depend  on  the  size  and  weight  of  the  arch,  temperature,  composition  of  the 
mortar,  and  the  class  of  masonry  of  which  the  arch  is  constructed.  Centres 
may  be  eased  immediately  after  the  arch  (built  with  lime  or  slow-setting 
cement  mortar)  is  loaded  to  stability,  while  the  centres  should  be  struck  in 
from  five  to  eight  days.     The  same  remarks  apply  generally  to  small  arches 
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Fio.  40. —  Details  of 
lowering  wedge  for 
centres  of  small  span. 
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built  in  cement,  only  the  centres  should  be  struck  sooner;  in  large  arches, 
however,  built  with  quick-setting  cement  mortar,  it  is  considered  inadvisable 
to  ease  the  centres  at  all.  The  cement  in  the  portion  of  the  work  first 
built  will  have  set  before  the  completion  of  the  areh,  and  miy  easing  would 
injuriously  affect  the  setting  of  the  cement  in  the  portion  of  the  arch  which 
was  executed  last.  Disturbance  of  the  work  by  vibration  should  be  guarded 
against)  as  it  destroys  the  setting  power  of  all  kinds  of  mortar,  especially  of 
cement.  The  centering  for  concrete  arches  should  not  be  disturbed  for  at 
least  fourteen  days  after  finishing  the  concrete. 

106.  Centres  for  Archee  of  Bridge  over  the  Biver  Don  and  London 
Bridge. — The  centering  shown  in  fig.  41  is  Telford's  design  for  a  centre 
with  intermediate  supports,  used  for  a  bridge  over  the  river  Don,  of  which 
the  span  is  75  feet,  while  fig.  42  shows  the  pier  centering  of  trussed  girders 
adopted  in  the  building  of  London  Bridge. 
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Fio.  41.— Centre  for  arch  of  a  bridge  over  the  river  Don. 

The  latter  illustration  shows  that  one-fourth  of  the  span  at  either  side 
was  directly  supported  by  piles  and  diagonal  bracing.  The  rib  across  the 
middle  half  of  the  span  was  formed  of  a  diagonally  braced  girder  of  great 
stiffness,  the  depth  being  one-fourth  of  its  span.  The  striking  plates  and 
wedges  by  which  the  centre  is  lowered  after  the  completion  of  the  arch,  are 
shown  in  the  figure,  a  being  the  upper  plate,  b  the  lower  plate,  and  c  the 
compound  wedge,  which  is  kept  in  position  by  the  cross  wedges  d. 

107.  Iron  pipes  1  foot  long,  filled  with  dry  sand,  and  provided  with  a 
cylindrical  block  of  wood  fitting  into  the  top,  placed  under  the  ribs  of  the 
centering,  are  sometimes  used  as  a  substitute  for  wooden  wedges  in  easing 
and  striking  centres.  The  process  of  lowering  is  accomplished  by  allowing 
the  sand  to  run  out  of  the  cylinders  as  required. 

108.  Timber  Bridges.  —  Bridges  erected  with  timber  supports  and 
superstructure  are  now  an  almost  obsolete  form  of  construction  in  this 
country,  except  for  temporary  purposes.  Timber  beams  resting  on  abut- 
ments or  piers  of  masonry  are  used  to  a  limited  extent  when  the  span  is 
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small  and  the  traffic  unimportant.  In  those  countries  where  timber  ie 
abundant  many  large  bridges  have  been  erected  with  this  class  of  material, 
and  when  properly  protected  and  painted  are  said  to  last  about  twenty 
years.     The  simplest  manner  in  which  timber  can  be  applied,  when  the 


^BUL. 

i 

■ 

^^ 

\V^ 

J 

^b^ 

^Hh 

-^1            K 

X 

r '11  ^ 

^  L                   [  ^ 

f 

^Q 

.--^1                \<^ 

ss 

^■IC 

" 1          1  ^~~' — 

^^s^ 

1        1 

Kr   \ 

u 

t\  r 

*i 

1 

^L    1 

1 

^HlI! 

%j 

\ 

p^H 

■jen 

n 

IW^ 

8^^ 

sp 

T^PW.'j.* 

''^^S 

H^ 

B*'*^  %_ 

^^^3 

1 

TfJ^ 

i3 

' 

^■^^ 

'^^-J9 

^^D 

w: 

tE-^.- 

Fio.  42. — CentTt  for  arch,  London  Bridge. 

supports  are  of  masonry,  is  in  the  form  of  beams  or  string  pieces  with 
cleading  fixed  on  the  top  to  carry  the  roadway.     When  the  span  exceeds 


Fio.  48. — Timber  bridge  for  small  span. 

8  or  9  feet,  struts  are  generally  introduced,  as  shown  in  fig.  43.  Another 
form  of  coDstruction  suitable  for  spans  up  to  30  feet  is  shown  in  fig.  44, 
and  may  be  used  for  bridges  carrying  light  traffic.  Beyond  these  spans 
different  forms  are  employed,  such  as  trussed  girders  composed  principally 


86 


ROAD  MAKING  AND  MAINTENANCE. 


of  struts  and  ties,  with  parallel  top  and  bottom  beams,  or  in  the  form  of  an 
arch. 

Timber  bridges,  owing  to  their  perishable  nature  when  subjected  to  the 
influence  of  alternate  wet  and  drought,  should  not  be  made  use  of  except 
when  other  suitable  materials  are  not  available.  The  annual  cost  of  repairs 
upon  timber  bridges  becomes  a  heavy  item,  and  in  the  course  of  a  few  years 
will  equal,  if  not  greatly  exceed,  the  expenditure  which  the  building  of  a 
permanent  structure  of  stone  or  brick  work  would  entail. 

109.  Iron  and  Steel  Superstructures. — ^The  superstructure  of  bridges 
formed  with  iron  or  steel  has  to  a  great  extent  superseded  the  ordinary 
masonry  arch,  in  bridges  of  long  span,  or  where  the  line  of  .the  bridge  is  at 
a  considerable  angle  to  the  object  crossed.  The  employment  of  cast  iron 
is  limited  to  bridges  having  short  spans,  the  roadway  being  carried  by  jack 
arches  built  between  and  springing  from  the  lower  flanges  of  the  beams ; 
the  arching  being  generally  made  9  inches  thick,  and  covered  with  a  f-inch 
layer  of  asphalte  or  other  impervious  material.  The  space  between  the 
beams  and  over  the  arches  is  filled  with  concrete,  broken  bricks,  or  other 
material  of  a  like  nature,  up  to  the  level  on  w}:^(;^  the  metalling  is  spread. 


Fig.  44.— Timber  bridge  for  span  up  to  80  feet. 

The  thrust  on  the  outside  or  face-girders,  when  jack-arches  are  em- 
ployed, is  provided  for  by  means 
of  tie-rods  \\  to  3  inches  in 
diameter,  placed  at  intervals 
across  the  bridge  from  5  to  8 
feet  apart,  which  bind  all  the 
longitudinal  girders  together. 
This  method  of  construction  is 
illustrated  in  flg.  45. 

The  superstructure    of    most 
bridges  is   now   constructed  of 

^     r.  ..       c.jr       J*,   wrought    iron    or    steel.      The 

Fio.  45. — Cross-section  of  bndge  formed  of  cast      ,      °    .  ,  -        .«  j     ^i 

iron  beams  and  jack-arching.  P^^te   girder   of   uniform   depth 

9r  hog-backed  shape  has  been 
greatly  used,  and  was  the  form  employed  almost  exclusively  previous  to  the 
lattice  type  being  introduced. 
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The  plate  glider  is  still  made  use  of  in  spans  np  to  60  or  70  feet; 
beyond  this  it  is  more  economical  to  employ  girders  of  the  lattice  type, 
which  may  have  parallel  booms,  or  be  constructed  on  the  bowstring  principle ; 
sometimes,  however,  tliey  are  built  in  the  form  of  an  arch. 

When  the  head-room  or  height  to  the  under  side  of  the  girders  in 
crossing  an  existing  line  of  communication,  railway,  canal,  or  navigable 
river  is  limited,  only  outside  main  girders  are  employed  to  carry  the  road- 
way. When,  on  the  other  hand,  no  such  restriction  is  involved,  the  road- 
way may  be  carried  on  the  top  of  a  series  of  plate  or  lattice  girders  having 
a  uniform  depth.  In  the  former  case  cross  girders,  of  the  plate  or  lattice 
type,  are  required,  and  extend  between  the  main  girders  to  the  lower  flanges 
of  which  they  are  fixed.  These  transoms  or  cross  girders  are  built  with  a 
camber  similar  to  that  of  the  rise  of  the  transverse  section  of  the  road ;  they 
are  spaced  from  6  to  10  feet  apart,  on  which  bearers  running  parallel  to  the 
main  girders  are  fixed,  and  on  the  bearers  convex  buckle  or  corrugated 
iron  plates  are  riveted,  which,  extending  the  whole  width  across  the 
bridge,  completes  the  superstructure.  These  plates  are  generally  covered 
with  asphalte,  but  concrete,  composed  of  cork  and  bitumen,  is  ako  made  use 
of  on  account  of  its  lightness,  while  fine  cement  concrete  is  at  times 
employed  to  protect  from  moisture  the  ironwork  on  which  rest  the  mate- 
rials composing  the  road. 

110.  Steel  Trough  Decking. — Steel  trough  decking  is  now  extensively 
used  in  forming  the  floor  or  deck  between  the  main  girders  of  bridges,  and 
may  be  fixed  on  the  top  or  to  the  web  and  lower  flanges  of  these  girders. 
This  form  of  decking  is  gradually  superseding  that  of  cross  girders  and 
buckle  plates  in  the  construction  of  the  steel  superstructure  of  bridges. 
Trough  decking  may  also  be  used,  not  in  the  form  of  a  cross  girder  but 
longitudinally,  in  which  case  the  outside  or  main  girders  are  dispensed  with, 
and  their  employment  insures  a  considerable  saving  on  the  first  cost  of 
constructing  bridges  up  to  a  span  of  36  feet.  They  are  designed  to  carry 
with  safety  live  or  moving  loads,  comprising  the  weight  of  road-rollers  and 
of  traction-engines,  in  addition  to  the  ordinary  loads  to  which  road  bridges 
are  subjected.  The  cross-section  of  a  road  bridge  with  this  type  of  super- 
structure is  illustrated  in  fig.  46.  The  dimensions  shown  are  suitable  for 
spahs  of  from  16  to  20  feet ;  the  weight  of  the  steel  decking  for  these  spans 
is  from  25  to  30  lbs.  per  square  foot  respectively. 

111.  The  gradients  of  the  approaches  to  many  existing  bridges  and 
culverts  could  be  greatly  improved  by  substituting  trough  decking  for  the 
rubble  arches  of  which  many  of  these  are  built  when  they  fall  into  a  state 
of  disrepair  and  require  renewing.  The  relative  cost  of  building  an  arch  of 
brickwork  in  cement,  including  haunches,  spandrils,  and  centering,  for  a 
bridge  having  a  span  of  20  feet,  would  be  about  3s.  2d.  per  square  foot  of 
area  covered ;   and  for  trough  decking,  assuming  that  the  abutments  are 
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built  to  the  same  height  in  either  case,  2s.  8d.  per  square  foot.  The  saving 
effected  in  the  construction  of  the  superstructure  of  such  a  bridge  16  feet 
wide  would  be  £16  in  favour  of  steel  trough  decking. 

112.  Protecting  Dangerous  Places. — All  roads  at  dangerous  points 
should  be  protected  to  prevent  accidents  to  pedestrian  and  vehicular  traffic. 
This,  as  a  rule,  applies  more  forcibly  to  precipitous  hillside  and  mountain 
roads.  Road  authorities  are  under  an  obligation  to  perform  the  work  neces- 
sary in  carrying  out  these  protective  works,  while  the  roadsides  on  level 
ground  are  fenced  by  the  proprietors  through  whose  land  the  highway 
passes.     Many  methods  are  in  use  for  accomplishing  this. 

Earthen  mounds  are  the  most  economically  formed,  but  are  generally 
in  time  raised  too  high  by  the  roadside  accumulations  being  heaped  upon 
them,  whereby  free  circulation  of  air  on  the  road  surface  is  prevented.  The 
outlets  or  cuts  for  discharging   the  surface  drainage  of  the  road  require 
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Fio.  46. — Cross-section  showing  arrangement  of  steel  trough  decking 
88  applied  to  bridge  work. 

special  attention  where  this  form  of  protection  is  adopted.  Parapet  walls 
of  stone  built  dry  are  an  efficient  and  economical  means  of  protecting 
a  road,  where  such  material  is  available.  In  sidelong  cuttings,  where 
retaining  walls  are  a  necessity,  the  parapet  walls  are  formed  by  continuing 
these  to  a  proper  height.  They  should  have  a  thickness  of  at  least  18 
inches,  and  be  3  feet  6  inches  to  4  feet  high,  finished  with  a  rough  cope  set 
on  edge,  while  the  outside  joints  and  cope  should  be  pinned  and  pointed 
with  lime  mortar.  The  most  common  fence,  however,  is  that  of  the  quick- 
set hedge,  planted  on  the  top  of  a  raised  mound  made  from  the  excavations 
in  forming  the  ditches.  It  makes  a  good  protection  after  the  lapse  of  some 
time,  but  requires  in  the  interval  a  considerable  amount  of  attention.  An 
open  post  and  rail  fence  answers  the  purpose  very  well,  while  wooden  and 
iron  posts  to  which  plain  galvanized  iron  wires  are  attached  is  the  method 
adopted  in  districts  where  building  stones  cannot  be  conveniently  obtained. 
The  great  objection  to  stone  fences  is  that,  being  liable  to  decay  and  damage, 
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they  are  expensive  to  maintain.  So  far  as  the  durability  of  the  road  surface 
is  concerned,  this  is  best  promoted  by  having  open  fences,  as  by  this  means 
of  protection  the  beneficial  influence  of  the  sun  and  wind  in  producing 
evaporation  is  not  lessened ;  while  with  close  fences,  such  as  stone  walls  and 
hedges,  especially  if  they  be  high,  the  beneficial  effects  mentioned  are 
diminished  to  a  considerable  extent. 

113.  In  districts  where  snowstorms  are  prevalent  during  the  winter 
months,  the  existence  of  close  fences  alongside  a  highway,  apart  from  those 
for  protecting  dangerous  places,  is  a  source  of  considerable  expenditure 
in  opening  the  roads  for  traffic  after  a  snowdrift.  Where  walls  and 
hedges  form  the  boundary  line  of  a  road  it  is  not  an  uncommon  experience 
to  encounter  a  snow  cutting  of  6  feet  in  depth  the  full  width  of  the  roadway, 
and  extending  in  many  instances  for  miles,  while  the  adjoining  fields  are 
comparatively  free  from  snow. 

In  the  author's  experience,  the  cost  of  clearing  snowdrifts  has  amounted, 
on  many  occasions,  to  from  £400  to  £600  over  a  district  of  between  200  and 
300  miles,  and  this  expenditure  in  all  probability  would  have  been  saved,  or 
at  all  events  greatly  reduced,  had  open  fences  existed  instead  of  walls  and 
hedges.  Besides  the  heavy  cost  thus  entailed,  considerable  damage  is  done 
to  the  road  surface  by  the  melting  snow,  especially  where  there  is  heavy 
vehicular  traffic.  It  is  doubtful,  even  on  consideration  of  the  preceding  facts, 
whether  any  improvement  may  be  looked  for  in  the  direction  indicated.  The 
protection  afforded  to  farm  stock  when  grazing,  and  the  capital  expenditure 
already  involved  in  providing  these  close  fences,  remove  to  a  remote  date  any 
probability  of  a  change,  or  it  might  be  said  reform,  being  brought  about. 


CHAPTEK    IV. 

ROAD  MATEBIALS  OB  MBTAL. 

114.  The  bearing  of  the  science  of  geology  in  relation  to  the  formation  of 
new  roads  brings  the  engineer  into  close  practical  contact  with  this  snbject, 
and  on  the  manner  in  which  the  prominent  physical  features  and  under- 
lying strata  composing  the  earth's  cnist  are  examined  will  the  ultimate 
success  of  the  undertaking  greatly  depend.  A  knowledge  of  geology  is  also 
of  great  service  in  selecting  a  site  for  a  quarry  from  which  suitable  rock  may 
be  obtained,  either  for  the  construction  of  a  new  road,  or  for  preparing 
metalling  for  the  maintenance  of  existing  highways.  The  hard  igneous, 
plutonic,  and  metamorphic  rocks  generally  used  for  road  work  constitute 
large  masses  in  the  crust  of  the  earth,  which  are  now  exposed  at  the 
surface,  or  form  veins,  dykes,  and  intruded  sheets  in  the  strata  overlying 
them. 

115.  A  sufficient  knowledge  of  the  locality  and  general  geological 
structure  of  the  particular  stratum  desired  may  be  readily  obtained,  in  the  first 
instance,  by  a  study  of  the  coloured  maps,  with  sections  of  the  strata  of 
which  the  surface  of  the  country  is  composed,  issued  by  the  Qeological 
Survey  of  Great  Britain. 

116.  Bock  Materials  for  Beads. — The  different  varieties  of  rock  from 
which  macadam  is  prepared  for  the  construction  and  maintenance  of  roads, 
and  the  making  of  setts  for  paved  streets,  vary  to  a  considerable  extent  in  their 
component  parts,  and  also  the  degree  of  crystallization  which  has  taken  place. 
It  is  very  seldom,  indeed,  that  two  samples  of  rock  taken  from  adjoining 
quarries,  at  no  great  distance  apart,  are  found  to  contain  the  same  proportion 
of  'simple  minerals,'  while  in  cases  of  rock  taken  from  the  same  quarry 
the  primary  forms  of  crystallization  are  quite  distinct,  forming  different 
varieties  of  structure,  although  the  chemical  composition  may  be  similar  in 
each  case. 

The  igneous  and  siliceous  rocks  form  the  greater  bulk  of  the  materials 
used  in  road  making  and  repairs,  but  many  other  different  kinds  of  stone 
have  been,  and  still  are,  used  for  this  purpose. 
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Granite  and  syenite  are  the  principal  rocks  of  which  setts  are  made  for 
paving  carriageways,  or  streets  in  large  tovrna,  where  vehicular  traffic  is 
heavy  and  continuous.  The  trap  rocks,  greenstone  or  whinstone,  and  basalts 
are  also  greatly  used  for  this  purpose,  but  their  durability,  unless  in  isolated 
instances,  cannot  be  compared  with  that  of  certain  granites  and  syenites. 

117.  The  Miiieraloe^cal  OompoBition  of  difTerent  Bock  MaterialB  for 
Beads. — The  materials  employed  for  road  metal  are  prepared  from  different 
kinds  of  rock,  the  principal  of  which  are  Granites,  Syenites,  Diorites,  Basalts, 
Dolerites,  Diabases,  Quartzites,  Mica-schists,  limestones,  Bagstones,  Sand- 
stones, Flints,  and  Gravel  taken  from  pits,  river  beds,  or  the  sea-beach. 

The  mineralogical  composition  of  rocks  varies  considerably,  while  a 
great  difference  exists  in  the  chemical  stability  of  many  of  the  minerals 
composing  them.  The  mineralogical  peculiarities  or  qualities  combined  in  a 
typical  road  stone  depend  principally  on  the  composition,  and  to  a  great 
extent  on  the  manner  in  which  the  different  minerals  are  aggregated  together, 
such  as  the  crystalline  texture  and  the  nature  of  the  base  or  matrix,  forming 
a  kind  of  paste  or  cement  in  which  the  crystals  are  imbedded. 

The  conditions  under  which  rock  masses  have  been  hardened  can  be 
tolerably  well  ascertained  by  noting  the  degree  of  crystallization  which  they 
have  undergone.  This  depends  to  a  considerable  extent  upon  the  slowness 
or  rapidity  with  which  they  have  cooled,  and  the  depth  at  which  con- 
solidation has  taken  place.  Generally  speaking,  each  mineral  has  its  own 
temperature  point  at  which  it  crystallizes.  When  rock  has  chilled  rapidly 
it  appears  glassy,  the  crystals  not  having  had  time  to  form ;  while,  on  the 
other  hand,  if  the  cooling  process  of  the  molten  mass  has  been  extremely 
slow,  the  chemical  elements  have  had  time  to  assort  and  arrange  them- 
selves into  chemical  compounds,  and  in  obeying  the  laws  of  crystallization 
to  assume  special  foitns. 

118.  Oraxdte.* — Granite  is  composed  essentially  of  felspar,  mica,  and 
quartz  aggregated  together  in  a  thoroughly  crystalline-granular  manner. 
The  felspar  is  either  orthodase  (potash  felspar),  albite  (soda  felspar),  or 
oligoclase  (soda-lime  felspar),  the  former  generally  prevailing,  the  latter 
being  found  in  smaller  quantities. 

The  predominant  mica  in  granites  is  the  muscovite  (potash)  variety ;  the 
dark  brown  or  black  variety  biotite  (magnesian  mica)  is  also  found,  while  lepi- 
domelane  or  haughtonite  is  of  rare  occurrence.  The  quartz  or  pure  silica  some- 
times forms  a  paste  in  which  the  other  minerals  are  embedded,  and  occasionally 
the  component  ingredients  are  found  as  independent  crystals.  The  other 
accessory  minerals,  beryl,  topaz,  and  tourmaline,  are  found  in  cavities  of  the 
granite  when  the  minerals  occur  as  independent  well-formed  crystals. 

*  The  deacription  of  some  of  the  rocks  mentioned  in  the  immediately  following 
paragraphs  is  partly  taken  from  the  article  on  '  Geology'  in  the  Encyelopaxiia  Britannica 
by  Professor  Geikie. 
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The  texture  of  granites  varies  considerably,  from  coarse  crystalline  masses 
to  fine  granular  rocks,  which  pass  into  elvanite  or  felsite,  and  form  an 
intermediate  stage  between  granite  and  quartz-porphyry. 

Of  the  different  kinds  of  granite,  those  which  are  compact  and  fine- 
grained, and  composed  of  orthoclase  and  muscovite,  may  be  taken  as  a 
reliable  material  for  road  metal.  The  quartz  and  mica  are  practically 
unaltered  chemically;  the  felspar,  however,  especially  when  oligoclase  is 
present,  decomposes  rapidly  into  clayey  mud  on  being  subjected  to  the 
disintegrating  influence  of  air  and  water.  Granites  vary  in  colour  from  a 
grey  hue  when  the  crystals  of  felspar  are  dusky  white,  to  red  when  they  are 
coloured  by  the  presence  of  iron. 

Quartz-Porphyry. — Certain  rocks,  closely  allied  to,  and  sometimes 
called  granites,  are  Quartz-porphyry,  Felsite-porphyry,  Felstone,  and  Felsite. 
These  are  composed  of  a  mixture  of  orthoclase  and  quartz  as  the  essential 
constituents,  little  or  no  mica  being  found  in  their  composition.  When  the 
quartz  forms  conspicuous  crystals  the  rock  is  called  quartz-porphyry,  but 
when  the  felspar  and  quartz  are  intimately  mixed  so  as  to  present  a  homo- 
geneous matrix  the  rock  is  termed  felsite-porphyry,  felstone,  or  felsite ;  they 
are  generally  very  compact  in  texture  or  even  flinty  in  appearance.  Triclinic 
felspars  occasionally  occur  in  these  rocks,  while  the  minerals  mica  and 
hornblende  accompany  the  essential  constituents;  apatite,  magnetite,  and 
pyrite  being  at  times  met  with  as  accessories.  The  colours  of  these  rocks 
vary  from  flesh-red,  purple,  yellow,  to  slate-grey,  depending  chiefly  on  the 
felspar,  while  dark-grey,  brown,  and  greenish  tints  are  imparted  by  the 
presence  of  mica  or  hornblende. 

119.  Syenite, — This  name  is  now  restricted  to  rock  consisting  essentially 
of  a  mixture  of  orthoclase  and  hornblende,  but  which  was  formerly  applied  to 
granite  when  the  mica  was  replaced  by  that  of  hornblende.  In  addition 
to  the  component  elements  mentioned,  the  minerals  plagioclase,  quartz,  and 
mica  are  occasionally  added  as  accessories.  Th^  durability  of  syenite  is 
greater  when  quartz  and  hornblende  predominate;  felspar  and  mica  are 
weak  and  of  a  perishable  nature  if  present  to  any  great  extent,  and  dis- 
integrate rapidly,  especially  when  the  crystals  are  large  and  have  a  dull 
appearance.  The  colour  of  syenite  varies  from  pink  to  grey.  In  most 
cases  the  rock  forms  an  excellent  stone  for  road-metalling  purposes. 

120.  Syenite-porphyry  contains  little  or  no  quartz,  but  has  a  little 
plagioclase,  and  sometimes  hornblende  and  biotite  or  black  mica ;  it  is  an 
orthoclase  rock,  and  is  usually  termed  orthoclase-porphyry.  Syenite-porphyry 
is  closely  allied  to  syenite,  being  associated  with  that  rock  much  in  the 
same  way  that  elvanite  is  with  granite. 

121.  Diorite, — Diorite  is  the  term  applied  to  greenstones  or  whinstones, 
and  consists  of  a  crystalline  mixture  of  oligoclase  or  some  allied  felspar  and 
hornblende,  with  magnetic   iron  and  apatite.     These  rocks  occur  in  an 
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eruptive  fonn,  and  under  conditions  similar  to  syenite ;  the  more  dark  com- 
pact varieties  are  sometimes  called  apJianitet  while  those  containing  free 
quartz  are  known  by  the  name  of  quartz-dtorite.  These  rocks  form  a  large 
proportion  of  the  material  used  for  road  repairs  in  Scotland,  and  when  the 
component  minerals  are  fine-grained  and  compact  they  make  very  durable 
and  satisfactoiy  road  metal.  On  the  other  hand,  those  which  contain  soda 
and  lime  felspar,  combined  with  a  coarse  texture,  quickly  decompose  and 
form  clay,^  which  creates  on  the  roads  during  wet  weather  large  quantities 
of  mud.  Hornblende  andesiie  is  a  rock  similar  to  diorite,  the  felspar  being 
plagioclase ;  when  it  contains  free  quartz  it  is  called  dactte, 

122.  Basalt — ^This  rock  consists  of  a  triclinic  felspar,  generally  labra- 
dorite,  together  with  augite,  olivine,  and  magnetic  or  titaniferous  iron,  with 
apatite  and  sometimes  sanidine  or  pepheline.  The  augite  in  basalt  plays  a 
similar  part  to  that  taken  by  hornblende  in  the  rocks  just  described ;  it  is 
also  a  mineral  constituent  of  most  of  the  following  seriea  Basalt  is  a 
volcanic  rock  of  great  importance,  and  occurs  as  dykes,  veins,  intrusive 
bosses  and  sheets,  while  sometimes  it  presents  a  columnar  structure.  It  is 
close-grained  and  compact,  the  dark  colour  being  chiefly  due  to  the  large 
proportion  of  magnetite,  which  also  contributes  to  its  high  specific  gravity. 
The  term  dolerite  is  given  to  the  more  coarsely  crystalline  varieties  of 
basalt,  the  durability  of  which  is  very  variable. 

128.  Diabase  is  a  name  given  to  rocks  consisting  essentially  of  the 
same  mineral  constituents  as  basalt;  they  are,  however,  much  older,  and 
having  been  longer  exposed  to  metamorphic  processes  are  consequently  less 
fresh  than  basalts.  Most  varieties  of  basalt  are  eminently  suitable  as  mate- 
rial for  macadam;  they  are  generally  durable  and  hard,  combined  with  the 
other  qualities  upon  which  depends  the  value  of  road  metalling. 

All  the  rocks  described  are  of  igneous  origin,  their  internal  charac- 
teristics being  either  purely  crystalline,  consisting  entirely  of  crystals  inter- 
laced with  each  other  as  in  granite,  or  half-crystalline  composed  of  a  non- 
crystalline amorphous  matrix  with  crystals  scattered  through  it ;  the  latter 
division  embraces  most  of  the  eruptive  masses. 

124.  Among  metamorphic  rocks  the  quartzites  and  greywackes  are  best ; 
many  of  these  have  a  sufficient  admixture  of  felspar,  which  tempers  the 
natural  brittleness  of  the  quartz 

125.  Mica  Schist  is  found  in  mountainous  regions,  and  is  much  used  as 
a  road  material  in  the  Highlands  of  Scotland  and  in  some  parts  of  Wales. 
It  is  composed  essentially  of  quartz  and  mica,  disposed  in  layers  which  give 
it  a  stratified  appearance.  On  this  account  it  is  not  a  suitable  stone  for 
repairing  roads  which  have  heavy  traffic  passing  over  them.  This  descrip- 
tion of  stone  binds  well,  however,  and  makes  a  very  good  surface  on  roads 
with  light  traffic,  but  creates  much  mud  in  wet  weather,  while  at  the  same 
time  it  has  the  advantage  of  drying  quickly  after  a  fall  of  rain. 
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126.  The  Carboniferous  or  Mountain  lifnestones  are  greatly  used  in  some 
counties  in  England,  Wales,  and  Ireland  for  macadamizing  purposes ;  they 
are  very  suitable  for  roads  with  light  traffic,  and  make  a  good  surface,  but 
create  large  quantities  of  mud  in  wet  and  dust  in  dry  weather.  It  can  only 
be  applied  economically  on  the  class  of  roads  mentioned,  and  where  the 
climate  is  equable ;  it  is,  however,  rendered  practically  useless  as  a  metalling 
material  by  alternate  frost  and  thaw. 

Bagdone  or  Kentuhrtag  is  a  limestone  occurring  with  alternate  layers 
of  sandstone  known  as  hassock,  and  belongs  to  the  Lower  Greensaud 
formation.  It  is  greatly  used  in  Kent  as  a  road  material  and  for  kerbs 
and  channels. 

127.  Sandstones  are  greatly  used,  especially  the  harder  kinds,  for 
bottoming  roads,  but  as  a  rule  are  too  soft  for  metalling  purposes;  they 
also  absorb  a  considerable  amount  of  water.  Many  sandstones  are  chemically 
indestructible,  but  being  loosely  aggregated  together  are,  under  the  wear  of 
wheel  traffic,  quickly  pulverized,  the  dust  having  little  or  no  binding 
qualities.  The  millstone-grits  are  the  best  of  this  class,  and  may  be  used  for 
surface  repairs  on  roads  with  moderate  traffic ;  they  are,  however,  liable  to 
rapid  disintegration  during  drought  and  frost. 

128.  Flints  are  extensively  used  in  the  chalk  districts  of  England; 
they  give  excellent  results  so  far  as  a  good  surface  is  concerned,  but  are  too 
brittle  for  heavy  traffic.  Those  gathered  from  the  surface  of  the  land  are 
superior  to  those  dug  from  gravel-pits,  or,  as  they  are  termed,  quarry  flints. 
The  binding  properties  of  flints  are  small,  for  which  reason  an  admixture  of 
ragstone  or  hard  chalk  is  sometimes  employed  to  produce  a  better  road 
surface. 

129.  Gravel  and  stones  gathered  from  the  surface  of  the  land  are  exten- 
sively used  in  districts  where  more  suitable  materials  are  difficult  to  obtain. 
The  gravel,  whether  taken  from  pits,  river  beds,  or  the  sea-beach,  is  all  more 
or  less  rounded  and  worn.  Stones  of  this  kind,  when  used  as  metalling,  make 
a  very  rough  surface,  and  being  of  unequal  hardness  they  wear  very  irregu- 
larly. Land-stones  are  not,  for  similar  reasons,  a  suitable  material  for 
repairs,  and  their  use  should  only  be  tolerated  when  a  more  suitable  kind  of 
stone  is  not  available.  Ironstone  and  copper  slag  are  at  times  employed, 
especially  for  bottoming  roads;  as  a  metalling  material  they  possess  no 
binding  properties. 

Among  stones  of  the  same  kind  that  which  has  the  greatest  specific 
gravity  is  invariably  the  strongest,  but  great  difierence  may  exist  in  the 
durability  of  stones  of  the  same  kind  and  presenting  little  difference  in 
appearance. 

Table  XL  gives  the  chemical  analyses  of  the  more  important  rocks 
described  in  the  preceding  paragraphs. 

130.  The  Bequisites  in  a  Boad  Stone. — In  selecting  a  material  for 
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the  paipose  of  road  making,  the  essential  characteristics  requisite  may  be 
summarized  as  follows : — 

(1)  Hardness^  or  "that  disposition  of  a  solid  which  renders  it  difficult 

to  displace  its  parts  among  themseWes." 

(2)  Toughness^  or  "  that  quality  by  which  it  will  endure  light  but  rapid 

blows  without  breaking." 

(3)  WeaiJier  reaistance^  or  "  non-liability  to  be  affected  by  the  weather." 

(4)  Binding  properties. 

The  latter  quality  is  of  no  value  in  stones  for  paved  streets,  and  where 
steam-rolling  is  practised  it  is  not  of  so  much  moment  as  when  the  metalling 
is  consolidated  by  wheel  traffic. 

These  qualifications  are  by  no  means  always  found  together,  and  the 
selection  of  a  suitable  stone  for  road  metalling  under  any  circumstances  is 
a  somewhat  difficult  problem.  Apart  from  the  practical  experience  which 
one  may  possess  of  judging  the  quality  of  any  particular  rock,  more  parti- 
cularly when  opening  a  new  quarry,  the  only  rational  and  satisfactory  means 
of  determining  the  point  is  to  make  an  experimental  trial  upon  a  section  of 
roadway  for  a  sufficient  length  of  time,  and  over  which  a  known  amount  of 
traffic  passes.  The  results  thus  obtained  can  be  compared  with  those  shown 
on  any  other  section  of  road  similarly  situated,  and  which  has  been  main- 
tained for  years  with  a  material  of  recognised  quality. 

This  process  takes  time,  however,  which  is  a  serious  drawback  when 
the  exigencies  of  the  case  demand  that  material  from  a  new  source  has  to 
be  found  and  tested  within  a  reasonable  period  of  time.  In  the  mainten- 
ance of  roads  it  should  be  the  constant  endeavour  of  those  having  charge  of 
such  matters  to  cany  out  the  testing  of  material  by  actual  wear  in  the  road 
and  the  relative  cost  of  such  stone  as  is  admittedly  fit  for  the  purpose. 
This  should  be  done  years  in  advance  of  any  possible  necessity  for  a  change, 
by  reason  of  the  supply  of  rock  in  an  existing  quarry  giving  out,  or  the 
quality  of  the  material  becoming  inferior. 

131.  Physical  Teats. — When  an  actual  trial  of  the  material  cannot  be 
accomplished,  recourse  must  be  had  to  observation  and  previous  experience 
in  such  matters,  while  physical  tests  are  frequently  made  use  of  to  attain  the 
object  in  view,  which  are  of  great  assistance  generally.  The  results  obtained 
have,  however,  only  a  relative  value,  and  in  many  instances  the  conclusions 
arrived  at  are  extremely  delusive. 

Of  the  many  physical  tests  employed  for  this  purpose  the  following  may 
be  mentioned : — 

(1)  The  abrasion  or  attrition  test;  (2)  the  drop  test;  (3)  the  absorption 
test ;  (4)  the  weathering  test ;  (5)  the  crushing  test. 

182.  The  Abrasion  Test, — ^This  is  carried  out  by  placing  samples  of 
broken  stone  in  a  revolving  cylinder,  sometimes  along  with  a  number  of 
small  castings. 
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The  stones  are  weighed  previous  to  and  after  testing,  the  loss  in  the 
form  of  dust  and  small  chippings  being  thus  ascertained.  The  machinery 
erected  by  the  Homsey  District  Council  is  a  very  complete  plant  for  carry- 
ing out  this  form  of  test,  a  brief  description  of  which  is  here  given,  as  are 
also  extracts  from  a  number  of  valuable  tests  carried  out  by  Mr.  E.  J.  Love- 
grove,  A.M.I.C.E,,  engineer  and  surveyor  to  the  Council.* 

The  machine  used  at  Homsey  for  testing  the  samples  of  road  metal 
consists  of  three  cylinders,  each  11^  inches  in  internal  diameter,  and  having 
three  1  inch  by  1  inch  angle  iron  ribs  riveted  lengthwise  on  the  inside  ;  it  is 
driven  by  a  gas  engine. 

The  samples  of  stone  to  be  tested  are  operated  on  by  what  is  known  as 
the  dry  and  the  wet  process. 

The  same  weight  of  stones  is  employed  in  each  instance,  namely,  4  lbs., 
these  being  placed  in  the  cylinders  and  subjected  to  8000  revolutions  at  a 
speed  of  twenty  revolutions  per  minute.  In  the  wet  test  the  stones  are 
weighed  dry,  and  then  placed  in  the  cylinders,  one  half-gallon  of  water  being 
added ;  the  weight  of  the  stones  after  testing  being  ascertained  when  they 
are  thoroughly  dry,  and  the  loss  recorded,  from  which  the  percentage  in  each 
case  is  calculated.  The  chips  referred  to  in  the  tabulated  statement  vary  in 
size,  the  dust  being  in  the  form  of  a  fine  powder. 

It  will  be  observed  that  Penmaenmawr  granite  (quartz-diabase),  test 
No.  12,  only  loses  in  weight  by  the  dry  test  2*44  per  cent,  in  the  form  of 
dust,  while  under  the  wet  test  there  is  a  combined  loss  in  chips  and  dust  of 
3*90  per  cent.  Quenast  granite,  a  limestone  resembling  granite  in  appear- 
ance, loses  in  the  wet  test  4 '54.  Clee  Hill  Dhu  stone,  a  basalt  (dolerite), 
and  recognized  as  an  excellent  road  material,  loses  in  the  wet  test  in  dust 
only  10*15  per  cent.,  and  Guernsey  granite  .(homblendic),  also  an  excellent 
material  for  macadam,  loses  14*06  per  cent,  by  the  wet  test. 

It  is  evident  from  the  foregoing  tests  that  if  the  samples  of  the  different 
kinds  of  road  metal  treated  are  not  similar  as  to  size  and  cleavage  or  cubical 
shape,  and  in  every  other  possible  way,  the  results  will  vary  accordingly,  and 
that  the  harder  the  stone,  and  the  less  tough  it  is,  the  greater  will  be  the 
amount  of  chips  produced.  A  stone  having  a  high  specific  gravity  is  also 
likely  to  leave  a  large  quantity  of  chips. 

In  order  to  follow  this  method  of  testing  materials  for  road  purposes,  and 
make  a  comparison  of  the  results  obtained  with  that  of  actual  experience,  on 
the  different  kinds  of  metalling  used  under  varying  conditions  of  traffic  and 
weather,  the  following  particulars  may  be  given.  Experiments  by  the 
abrasion  test  were  carried  out  by  Mr.  E.  J.  Lovegrove  for  the  author  on 
samples  of  stone  which  were  considered  to  be  extreme  in  the  separate  pro- 
perties of  hardness  and  toughness,  but  not  combined  to  any  great  extent. 
The  results  are  shown  in  Table  XIII. 

*  The  Surveyor  and  Municipal  and  County  Engineer y  6th  November  1897. 

G 


98 


ROAD  MAKIKO  AND  MAINTENANCE. 


GQO 


II 


eo   to   <<«• 
*-   **   » 

04    Ol    C4 


00   Ok  t^   ^   to   00 
«   «p  Oft   00   «p   «p 

04   (N  Ol   ei   09   04 


I 


I 


t 


I 


00  «0«  00  ««<  ^ 

55  ^•c>  T  T"  ^ 

o   09   eb  »o  •«  lo  t^  ^• 

fH    r-i    1-1  r-«  r-«  f^  04  04 


s 

I 


& 


09    ^ 


<^    04    00    1^4 

lo   r«   4ti   o 


S4 


!<   ^ 


"•«00i0»00040   0904    O    O   O 
.&«r-«pO»0iOOQ0i-404»HOO 


lO  *-l    04 


(4    CO    00    04    o 
O    *H    fH    «H    fH 


t^   00    t^    00    •<«•  C 

r-* 

04   »   »«   »«   aO^ 


I. 


!9 


i 

00 

00 

00 

00 

00 

09 

00 

09 

00  00 

00 

04 

Ol 

t 

« 

r-* 

00 

00 

§ 

s 

S 

J:B 

«o 

r-* 

■^ 

rH 

5 

& 

04 

04 

•^ 

a» 

»  . 

«D 

l-H 
1^ 

§" 

O 

r-* 

1-4 

00 

9 


S    S 


J 


t^OilOOOOCIlO»H         -^  00        00        O         04 
1-4         rH  1-4 

•«'«e00«04r-l00        OO         a»        kO        «D 
OOOO09OOOO09OO09CIOOOOOO09 


g 


I 
I 


S  1 


S     5 


ts^-S    w    <n    g 


®  ."^  .«  .-a 


£e 


.Is"   I 


i&  i  •' 


g<Sgw|^|s|w|^|5|w 


.1 


is 


.1} 

if 


o  a  O 


C^09        rH 
-04        04 


ROAD  MATERIALS  OR  METAL. 


99 


S 

.5 


m^ 


i 


a 


I 


-J 

r 

s 


ox 


I 


II 

o 

I" 


1 

w 


eo      t«      1-4 
t«      »      o 

04        04        09 


a  •<«• 


3?*    S 


S   q: 


^55  a  s 


0^  t^      •<««      a»      o 

g<r-l         lA         1^         O 
J3«         ©I        O 


Co      oa 

§•=■    2 

ojoa      CI      to 


eo      d      t« 

00        00 


CI        lO 

r-t 

00       oo 


eo 

r-t 
G4 


3?! 
^2 


00  •« 


00 

o 


00 

o 


^  00  to  lO  CO 

OQ  O  1^  p  Ok 

Moi  O  O  A^ 

W  1-H  l-H  »-l 


i-s 


Coo      ■«* 

gj  eo      00      6o      00      00 


00 


I 


»   s   »   s   n 


I 

i  ■ : 

fj 

.2  a 

I       1 


I 

la 


^ 
^ 


2      ^ 


1 


•8 


w 


3 


lOO  ROAD   MAKING   AND   MAINTENANCE. 

It  will  be  observed  that  a  second  test  was  carried  out  in  the  case  of 
Nos.  3  and  6 ;  in  the  first  test  of  these  samples,  18  and  20  stones  respectively 
made  up  the  4  lbs.  necessary  for  the  experiment,  while  20  and  30  stones 
respectively  were  required  to  make  up  the  required  weight  in  the  second 
test.  The  Liudififeron  stone  shows  the  best  results  for  toughness  by  the 
physical  test  of  abrasion,  the  wet  test  in  the  second  trial  showing  a  loss  of 
only  4*97  per  cent.,  while  that  of  Newbigging  similarly  tested  shows  20*41 
per  cent,  of  loss. 

It  is  notable  that  in  the  case  of  the  former  stone  the  results  obtained  by 
the  wet  test  are  superior  to  those  by  the  dry  test  by  an  amount  equal  to  5*37 
per  cent.  This  is  a  peculiarity,  but  the  tabulated  results  obtained  from  the 
different  tests  of  the  stone  are  amply  borne  out  in  practice.  It  is  an  excel- 
lent material  for  surface  repairs  where  the  roadway  is  shaded  or  located  in  a 
damp  situation.  When  steam-rolled  it  is  yery  durable,  and  the  detritus 
which  is  formed  through  wear  is  composed  of  fine  sand ;  it  is  of  a  homo- 
geneous nature,  the  grains  being  scarcely  distinguishable.  This  material 
was  only  used  to  a  limited  extent  previous  to  the  introduction  of  steam- 
rolling,  as,  when  laid  in  patches  and  exposed  to  the  wheels  of  passing  vehicles, 
the  metalling  was  pulverized  in  dry  weather,  and  as  much  so  during  frost. 
The  test  of  experience  shows  that  this  stone  is  of  a  brittle  or  hard  nature 
when  in  a  dry  state,  while  toughness  appears  to  be  stimulated  by  moisture. 
The  Newbigging  stone,  an  extremely  tough  basalt,  does  not  come  out  well  in 
the  wet  test  compared  with  the  Lindifferon  stone  just  mentioned.  It  is 
nevertheless  a  very  durable  class  of  macadam,  and  its  fitness,  under  all  con- 
ditions of  traffic  and  weather,  as  a  suitable  and  economical  material  for  road 
maintenance,  has  been  recognized  for  a  long  period  of  years.  These  two 
specimens  of  stone  will  be  further  dealt  with  under  the  chapters  on  Quarry- 
ing and  Stone-breaking. 

133.  The  Drop  Test, — This  is  carried  out  by  subjecting  the  specimen  of 
stone  under  examination  to  repeated  blows  from  a  falling  weight.  A  machine 
for  testing  the  tenacity  of  stones  by  this  means  has  been  used  for  a  number 
of  years  by  the  Surveyor  of  the  Truro  Rural  District  Council,  Cornwall, 
The  hardness  of  a  specimen  of  stone  is  found  by  the  usual  mineralogical  test. 
The  tenacity  of  the  stone  by  this  method  of  testing  depends  on  the  resistance 
of  the  material  to  a  hammer  weighing  15  lbs.  falling  10  inches  on  the  specimen, 
which  is  placed  on  an  anvil.  Samples  of  rock  to  be  tested  weigh  3  lbs., 
broken  to  road  metal  capable  of  passing  through,  in  all  dimensions,  a  2^inch 
ring.  The  macadam  thus  prepared  is,  by  the  repeated  action  of  the  weight 
falling,  reduced  sufficiently  small  for  its  passing  through  a  sieve  having  a 
^inch  mesh,  which  size  is  taken  to  represent  exhausted  road  metal,  and  the 
number  of  blows  necessary  to  accomplish  this  being  automatically  registered. 
A  sample  of  gi'eenstone  from  Penzance,*  No.  5  test,  having  a  hardness 
*  Fide  Paper  read  by  Mr  Thomas  Clark,  surveyor,  Truro  District  Council,  at  the 
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according  to  the  mmeralogical  test  of  6*5,  took  900  blows  to  reduce  it.  This 
represents  in  the  drop  test  the  tenacity  of  the  stone,  and  the  dust  resulting 
from  the  experiment,  under  ^  of  an  inch,  is  given  as  12|  ounces.  A  sample 
of  stone  from  Glee  Hill  (basalt),  which  has  the  same  degree  of  hardness  as 
the  previous  stone,  shows  a  tenacity  of  724,  with  12  ounces  of  dust  less  than 
^  inch.  It  is  considered  by  this  test  that  any  sample  of  stone  which  is 
unable  to  withstand  200  blows  is  unfit  for  road-metalling  purposes. 

The  County  Surveyor  of  Cornwall,  Mr.  T.  J.  Hicks,*  commenting  on  the 
drop  test  as  carried  out  and  described  in  the  preceding  paragraphs,  states : 
"  Some  years  ago  the  surveyor  of  a  highway  district  here  introduced  the  only 
stone-testing  machine  I  have  yet  seen  that  is  worth  anything,  and  even  that 
is  not  entirely  to  be  depended  on.  Taking  spar  under  this  test  and  green- 
stone spar,  our  worst  material,  gives  hardness,  7 ;  specific  gravity,  2*56; 
number  of  blows,  264  to  crush  to  dust.  Greenstone,  our  best  material, 
gives  hardness,  6*5 ;  specific  gravity,  3*07 ;  blows,  799 ;  dust,  11  ounces." 

"  To  show  that  this  test  is  not  altogether  to  be  depended  on,  however,  I 
know  a  stone  that  shows  very  little  difference  to  the  greenstone,  and  that 
costs  about  one-third  more  for  breaking,  yet  under  traffic  it  cracks  up  readily 
into  gravel,  and  makes  mud  quickly." 

134.  Tlie  Absorption  Test — The  absorption  test  consists  in  determining 
the  liability  of  a  stone  to  absorb  water.  It  is  carried  out  by  weighing  the 
stone  carefully  after  being  thoroughly  dried,  and  immersing  the  sample  in 
water  for  twenty-four  hours.  It  is  then  wiped  dry  and  weighed,  the  difference 
between  the  two  results  obtained  being  due  to  the  water  absorbed  by  the 
stone.  The  stones  of  admitted  suitability  for  road-metalling  purposes  absorb, 
as  a  general  rule,  the  least  quantity  of  water. 

Granite  absorbs  water  to  the  extent  of  one  part  of  the  latter  to  every  80 
to  700  parts  of  the  former ;  it  is  notable,  however,  to  observe  that  clay  slate 
absorbs  water  in  similar  proportions  to  granite,  as  will  be  seen  from  Table 
XIV.,  taken  from  Prof.  Rankine's  Oivtl  Engineering, 

Tablb  XIV. 
Showing  Proportion  of  the  Absorption  of  Water  by  Differeni  Stones, 

GraDite  absorbs  one  part  of  water  in  from  80  to  700  parts  of  stone. 
Gneiss         „  ,|  „  about  40  „ 

Clay  Slate,,  „  „  80  to  700  ,, 

Sandstone  (strong,  Yorkshire)       „  80  to    60  ,, 

Clay  slate  has,  of  course,  no  place  as  a  material  in  connection  with  road 
construction  and  repairs. 

'Surveyor'  Exhibit  of  the  Building  Trades  Exhibition  held  in  London,  Surveyor  cmd 
Municipal  and  County  Engineer,  26th  March  1897. 
♦  Vide  the  Quarry,  January  1897. 
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185.  ITie  Weathering  Test, — This  test  is  effected  in  a  similar  manner  to 
the  preceding,  and  has  for  its  object  the  determination  of  the  ability  of  the 
stone,  after  absorbing  water,  to  withstand  the  effects  of  the  disintegrating 
action  of  frost.  It  may  be  carried  out  artificially  by  soaking  the  stone  in 
sulphate  of  soda  (Glauber's  salt)  and  hanging  the  sample  up  for  a  few  days 
to  dry.  This  process  must  be  repeatedly  performed,  when  it  is  said  that  the 
stone  will  behave  as  if  under  the  action  of  a  thaw  succeeding  frost.  To 
properly  carry  out  this  test,  however,  it  is  necessary  to  expose  the  specimen 
of  rock  to  the  actual  disintegrating  action  of  frost.  As  in  the  absorption 
test,  the  stone  is  immersed  in  water  for  twenty-four  hours,  and  then  placed 
outside  when  the  thermometer  registers  32""  Fahr.  or  under.  The  frozen 
specimen  is  then  thawed  and  the  process  alternately  repeated,  when  the  loss 
in  weight  by  disintegration  is  ascertained.  As  this  test  can  only  be  effected 
daring  the  prevalence  of  frosty  it  is  consequently  not  always  easy  of  appli- 
cation. 

186.  The  Crushing  Test, — This  test  consists  in  determining  by  means  of 
a  hydraulic  press  the  resistance  of  a  sample  of  carefully  dressed  cubes  of 
stone  to  crushing^  The  results  obtained  by  this  physical  test  are,  so  to  speak, 
of  a  positive  nature ;  yet  they  may  be  very  misleading  in  so  far  as  the  selec- 
tion of  a  suitable  stone  for  road  metal  is  concerned.  Too  much  importance 
is  generally  attached  to  this  property,  especially  by  quarry-owners. 

To  show  how  delusive  it  is  to  attach  undue  weight  to  a  high  resistance 
to  crushing,  solely  on  account  of  a  stone  possessing  this  property,  the  follow- 
ing different  kinds  of  stone  may  be  compared.  A  specimen  of  rock  from 
the  Glee  Hill  quarries  already  mentioned,  which  is  described  as  a  tough, 
hard,  fine-grained  basalt,  and  '^  almost  perfect  as  a  road  stone,"  is  capable  of 
sustaining  a  crushing  test  of  6  tons  per  square  inch.  Guernsey  granite 
(syenite),  also  an  excellent  stone,  and  much  used  in  London  and  the  southern 
towns  of  England  for  road  repairs,  shows  a  crashing  resistance  of  12*75  tons 
per  square  inch. 

Flints,  on  the  other  hand,  are  a  very  suitable  material  where  the  traffic 
is  moderate,  and  are  used  to  a  considerable  extent  in  many  English  counties 
where  more  suitable  material  cannot  be  obtained.  This  description  of  material, 
however,  cannot  be  compared  with  either  of  the  preceding  stones  for  dura- 
bility when  subjected  to  the  vagaries  of  traffic  and  weather ;  nevertheless,  it 
has  a  high  resistance  to  crushing,  being  slightly  over  14  tons  to  the  square 
inch.  From  this  comparison  it  is  evident  that  a  high  resistance  is  no  indi- 
cation of  the  wearing  qualities  of  a  road  stone  under  the  practical  test  of  traffic. 

A  stone  having  a  high  resistance  to  crushing  clearly  shows  that  other 
qualities  are  necessary  in  order  that  it  may  be  successfully  used  for  metalling 
purposes.  I(  has  been  shown  that  toughness  alone  is  not  enough  for  a  good 
stone  to  possess,  while  one  having  a  high  resistance  to  crushing  is  equally 
deficient ;  so  that  of  these  two  properties,  it  is  apparent  that  the  one  is  quite 
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as  essential  as  the  other  for  a  stone  to  possess  in  order  that  it  may  be 
considered  as  having  good  wearing  qualities. 

187.  In  France  the  Administration  des  Fonts  et  Chaoss^es  has  adopted 
a  comparative  numerical  value  of  the  quality  of  the  materials  used  on  the 
national  roads.  This  scale  of  quality,  ranging  from  0  to  20,  has  been  formu- 
lated from  the  combined  results  of  experiments,  attrition  and  crushing  tests ; 
and  the  quantity  of  materials  consumed  by  a  certain  amount  of  traffic.  The 
following  is  a  list  of  most  of  the  varieties  of  rock  used,  with  the  quality  of 
each  kind  expressed  numerically : — 

Tablb  XV. 

{Ministhre  des  Travaux  Publics  Routes  NationcUeSy  1893.)  * 


Porphyry, 
Trap,       , 
Basalt,     . 
Quartzite, 
Gi^s  Quartzoae, 
Flint, 
Quartz,    . 
Serpentine, 
Melaphyr, 
Diorite,     . 
Limestone, 
Gneiss,     . 
Granite,   . 
Millstone  grit, 
Amphibollte,    . 
Schist, 
Mica  Schist, 
Paddingstone, . 


varying  from  10  to  20 
16  „  20 

10  „  19 

11  „  19 
10  „  20 

8, .19 

10  „  18 

12  „  18 
16  ..  17 

13  „  17 
6  ,,17 

5  „17 
8  „16 

6  „16 

11  „16 

8.,  16 
6  „18 
4„    8 


138.  As  bearing  upon  this  subject  of  physical  tests  with  special  reference 
to  the  mud-producing  proclivities  of  limestone,  the  results  of  the  following 
interesting  experiments  may  be  given  of  road-stone  testing  carried  out  by 
Professor  Elliot,  University  College,  Cardiff,!  on  behalf  of  the  Western  Mail 
of  that  borough. 

It  appears  from  statements  in  this  journal  that  most  of  the  streets  in  that 
borough  are  of  macadam,  the  material  being  generally  limestone,  basalt  and 
granite  being  only  used  in  special  cases.  As  a  consequence,  it  is  asserted 
that  no  less  than  30,000  tons  of  mud  were  removed  last  year  from  the 
Cardiff  streets.  With  a  view  to  remedying  this  state  of  affairs  the  Western 
Mail  commissioned  Professor  Elliot  to  make  tests  of  the  various  stones 
employed  as  macadam,  the  experiments  being  specially  directed  to  ascertain- 

*  Hoods  cmd  Pavemenis  in  France,  by  Alfred  P.  Rockwell, 
t  Engineering,  80th  September  1898. 
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ing  the  respective  mud-producing  capacities  of  the  different  materials.  To 
this  end  an  '  attrition '  apparatus  was  devised  somewhat  similar  to  machines 
previously  used  for  the  same  purpose  in  France  and  America. 

This  machine  was  essentially  a  Humbler'  of  special  design  in  which 
the  stone  to  be  tested  was  placed,  together  with  a  number  of  small  cast 
iron  blocks.  This  done,  the  barrel  and  its  contents  were  rotated  at  a  speed 
of  15  turns  per  minute  for  a  total  of  3600  revolutions.  At  the  end  of  the 
experiment  the  loss  of  weight  by  attrition  was  ascertained  by  weighing; 
this  formed  a  measure  of  the  comparative  mud-producing  proclivities  of  the 
specimen.  As  was  to  be  anticipated,  the  basalts  and  granites  showed  much 
less  loss  of  weight  than  the  limestones,  as  indicated  in  Table  XVI. 


Tablb  XVI. 


Material. 


Basalt  C, 

Basalt  A, 

Basalt  B 

Clee  Hill 'granite,' 

Penlee  stone  (basalt) 

Glee  Hill  Dhu  stone  (basalt), 

Wicklow  granite, 

Guerasey  granite, 

Aberdeen  granite, 

Red  brick  (hard) 

Black  limestone,  Mumbles,   .... 

Gomish  granite, 

Road  metal  from  Gardiff  gaol  store  (Gastell 

Coch), 

Road  metal  from  Gardiff  gaol  store  (Ely), 

Sweldon  stone, 

Gwymnofydd,  Tongwynlais,  .... 

Hard  sandstone, 

Neat  Portland  cement, 


Dnat  or  dry  mud 
produced  In  4  hours' 

Average  oompres- 
siye  strength. 

Test,  per  cent 

tons  per  sq.  in. 

6-8 

12-46 

6-9 

9*86 

6-5 

12-02 

7-0 

5-49 

7-2 

5-64 

7-9 

9-46 

8-0 

6-41 

9-3 

7-99 

16-7 

16-9 

.•• 

20-0 

6-96 

22  1 

... 

22 '5 

... 

24-6 

80 -2 

8-99 

34-7 

8-09 

89-4 

••• 

89*5 

... 

139.  It  will  be  observed  from  the  tabulated  statement  that  the  compressive 
strength  of  the  different  stones  was  also  determined  by  Professor  Elliot 

This  latter  test,  as  has  already  been  stated,  forms  an  unsatisfactory  cri- 
terion of  the  merits  of  a  stone  for  road  making  purposes.  Indeed,  if  the 
compressive  strength  test  were  a  good  guide  as  to  the  suitability  of  any 
particular  stone,  flint  roads  should  be  the  best.  No  doubt  they  are,  so  far  as 
smoothness  is  concerned,  but  they  will  not  stand  the  traffic  which  a  road 
made  of  good  basalt  or  syenite  will  carry  well.  Professor  Elliot  also 
examined  the  comparative  absorption  of  different  stones,  after  these  had 
been  immersed  in  water,  with  the  results  shown  in  Table  XVII. 
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Table  XVIL 
Absorption  Tests, 
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Material. 

Hours  soaked. 

Per  cent, 
absorbed. 

Basalt  A,  B,  and  0, 

Penlee  stone 

Glee  Hill*  granite,' 

Glee  mil  Dhu  stone, 

Wicklow 'granite,' 

Guernsey 'granite,* 

Black  limestone,  Mumbles,    .... 

Sweldon  stone, 

Gwymnofydd,  Tongwynlais,  .... 

72 
78 
72 
72 
78 
72 
29 
54 
102 

Mere  trace 

8-7 
15-9 

The  amount  of  water  absorbed  is,  of  coarse,  a  measure  of  the  liability  of 
the  stone  to  be  disintegrated  by  frosty  and  the  greater  the  amount  of  absorp- 
tion, the  less  will  the  resistance  of  the  stone  be  to  this  source  of  destruction. 

These  tests  are  interesting  in  so  far  as  they  relegate  the  limestones  and 
sandstones  to  their  proper  place  as  a  road  material  in  comparison  with 
the  acknowledged  superior  qualities  possessed  by  basalt  and  trap  rocks 
generally. 

140.  It  will  be  observed  that  the  results  obtained  per  cent,  by  the 
attrition  or  '  dry  mud '  test,  correspond  very  nearly  with  the  dry  test  for 
comparative  toughness,  carried  out  by  Mr.  K  J.  Lovegrove,  on  stones  of 
the  same  class,  namely,  Clee  Hill  Dhu  Stone  and  Guernsey  granite.  The 
difference,  however,  between  the  amount  of  dust  in  the  Hornsey  experiments 
and  that  in  the  experiments  carried  out  at  Cardiff,  shows  that  there  was  a 
less  percentage  in  the  former,  notwithstanding  that  the  samples  of  stone  were 
subjected  to  6^  hours'  test  by  Mr.  Lovegrove,  and  only  four  hours  by  Pro- 
fessor £lliot.  The  results  obtained  can  be  looked  upon  only  as  comparative, 
taken  independently  in  each  machine,  ai^d  it  is  reasonable  to  suppose  that 
the  introduction  of  cast  iron  blocks  into  the  '  tumbler '  of  the  testing  machine 
used  by  Professor  Elliot  would  give  a  higher  percentage  of  dust  or  'dry 
mud,'  than  that  resulting  from  the  fixed  angle-iron  ribs  in  the  cylinders  of 
the  testing  machine  used  at  Hornsey,  with  which  the  experiments  were  con- 
ducted by  Mr.  Lovegrove.  An  abstract  of  the  results  of  these  is  given  in 
the  table  on  page  98. 

141.  Durability  of  Bead  Stones. — The  best  properties  of  a  stoue  for 
macadam,  as  already  mentioned,  are  toughness,  hardness,  and  the  power 
which  a  stone  possesses  of  being  able  to  withstand  the  weathering  effect 
of  atmospheric  influences  without  undergoing  disintegration.  The  conditions 
and  circumstances  under  which  the  metalling  is  to  be  applied  depend  on 
the  situation  of  the  road  and  the  class  of  traffic  passing  over  it,  and  this 
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to  a  great  extent  should  determine  what  will  be  the  most  suitable  material 
under  different  circumstances  for  the  efficient  and  economical  maintenance 
of  a  road. 

The  durability  of  a  road  stone  depends  partly  upon  resistance  to 
mechanical  abrasion,  and  partly  upon  its  power  to  withstand  chemical 
decomposition.  The  resistance  to  abrasion  depends  mainly  on  the  com- 
position of  the  component  minerals  and  the  manner  in  which  they  are 
aggregated  together  into  a  compact  mass,  while  the  texture  of  the  rock  also 
enters  largely  into  the  question.  The  disintegrating  effect^  on  certain  stones, 
of  the  chemical  influences  met  with  on  the  surface  of  a  road,  is  brought 
about  by  the  decomposition  of  certain  of  the  component  elements  causing 
the  formation  of  a  powdery  clay.  This  is  particularly  the  case  with  felspar, 
especially  when  the  soda  or  lime  varieties  exist  to  any  great  extent.  Biotite 
or  bhtck  ferro-magneeian  mica  is  of  a  very  weak  and  perishable  nature, 
and  affects  adversely  rocks  of  which  it  is  a  component  element. 

The  efficiency  of  igneous  rocks  generally  depends  on  their  compact 
granular  texture.  Those  in  which  the  grains  are  so  small  that  they  are 
barely  visible,  forming  a  continuoua  mass,  cemented  together  in  a  siliceous 
paste,  more  or  less  compact,  and  having  a  high  silica  percentage  com- 
bined with  a  sufficient  quantity  of  ferro-magnesian  constituents  which 
tend  to  promote  toughness,  may  be  looked  upon  as  satisfactory,  being 
generally  of  a  hard  and  durable  nature. 

Many  minerals  when  exposed  to  the  influence  of  air  and  water  are  liable 
to  alteration  as  distinct  from  chemical  disintegration,  their  durability  de- 
pending on  whether  the  power  of  cohesion  is  destroyed  or  otherwise.  Rocks 
of  a  crystalline  texture  may  be  adversely  affected  by  the  decomposition  of 
one  of  the  component  minerals ;  cohesion  is  maintained  simply  by  the  crystals 
being  interlaced  with  each  other  or  wedged  together  in  mosaic  fashion, 
as  in  the  case  of  granites. 

With  some  other  rocks  a  more  intimate  union  is  observed,  the  crystalline 
grains  are  compactly  set  in  a  siliceous  paste  or  matrix,  which,  by  itself,  is 
sufficiently  durable  to  hold  together  and  withstand  chemical  action,  even 
should  the  crystals  themselves  be  adversely  affected  and  become  decomposed. 

Undoubtedly  the  best  materials  for  producing  the  most  durable  metalling 
are  basalts,  diorites,  and  syenites ;  those  having  a  fine  texture  and  composed 
of  minerals  which  remain  unaltered  when  exposed  to  chemical  influences 
give  the  best  results. 

Many  rocks  of  the  igneous  series,  however,  show  great  variation,  even 
when  they  are  of  an  apparently  hard  and  durable  nature,  decomposing 
and  producing  much  dust  in  summer  and  a  large  quantity  of  greasy  mud 
in  winter.  A  trial  should  be  made  of  the  wearing  qualities,  under  traffic, 
of  each  kind  of  stone  of  a  doubtful  character. 

This  is  the  only  reasonable  test  which    can   be  depended  upon   of 
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the  fitness  or  otherwise  of  the  material  for  the  purposes  of  preparing 
macadam. 

142.  In  localities  where  a  suitable  material  of  recognized  quality  does 
not  exist,  the  hauling  of  a  good  class  of  macadam  from  a  distance  forms 
a  large  part  of  the  total  cost,  amounting  in  some  instances  to  75  per  centw 
of  the  actual  price  per  cubic  yard  of  the  material  delivered,  which  limits 
and  in  many  cases  prohibits  its  use. 

Under  these  circumstances  the  local  material,  whether  it  be  of  flints,  lime- 
stone, gravel,  or  land-stones,  is  made  use  of,  greater  quantities  being  applied 
with  a  view  to  compensate  for  inferior  quality. 

This  is  probably,  under  the  circumstances,  the  best  arrangement  to  carry 
out,  but  it  has  the  disadvantage  of  giving  rise  to  large  quantities  of  mud  in 
wet  weather,  owing  to  the  material  being  of  a  soft  nature,  which  necessitates 
constant  scraping.  This  also  adds  considerably  to  the  cost  of  maintenance 
in  comparison  with  the  employment  of  material  possessing  better  wearing 
properties. 

143.  Road  metalling  prepared  from  rock  of  a  highly  siliceous  nature, 
but  deficient  in  binding  qualities,  and  which  in  many  instances  was  eschewed 
on  account  of  the  stones  becoming  loose  during  dry  weather,  can  now  be 
advantageously  adopted  where  steam-rolling  is  practised,  the  application  of 
a  suitable  binding  material  overcoming  to  a  great  extent  the  inherent  defi- 
ciency of  the  stone  in  this  particular. 

On  roads  over  which  heavy  trafiic  passes,  experience  proves  that  by  using 
the  best  material  for  repairs,  although  it  costs  more  than  a  local  stone  of 
inferior  quality,  the  ultimate  expenditure  will,  taking  all  the  varying  condi- 
tions into  consideration,  be  considerably  less  per  annum.  On  roads  which 
are  not  subjected  to  heavy  traffic,  metalling  of  a  less  durable  nature  may, 
under  certain  conditions,  be  employed,  such  as  flints,  hard  limestone  of  a 
crystalline  appearance,  and  millstone  grit.  These  different  kinds  of  material 
make  very  smooth  and  pleasant  roads  for  light  traffic,  the  limestone  by  itself 
or  in  combination  with  the  flints,  possessing  the  property  of  forming  a  mortar- 
like detritus  which  binds  the  stones  together.  Excessive  moisture,  however, 
produces  much  mud,  necessitating  constant  cleaning,  while  during  dry 
weather  the  surface  is  covered  with  dust  and  is  liable  to  break  up.  The 
hardest  limestones,  often  designated  as  granite,  are  considered  in  certain 
localities  to  have  remarkable  wearing  properties,  under  moderate  traffic. 
** Bristol  Black  Rock"  is  one  of  the  class  which  is  said  to  possess  this 
quality,  and  it  is  further  claimed  that  rock  of  similar  properties  is  very  hard 
to  beat  as  a  material  for  macadam.  It  should  be  remembered  that  the  haul- 
age and  subsequent  labour  in  the  consolidation  of  the  metal  are  nearly  the 
same,  whether  the  quality  of  the  stone  employed  is  of  a  superior  or  inferior 
nature.  The  actual  cost  of  quarrying  the  stone  in  cases  of  extreme  hardness 
or  otherwise,  forms,  as  will  be  explained  later  on,  a  mere  fraction  of  the 
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ultimate  amount  necessary  to  be  expended  in  constructing  any  section  of 
road. 

144.  Oomprehensive  Boad-Stone  Tests  to  form  Standard  or  Scale  of 
Comparison. — Road-stone  tests  have  occupied  the  attention  of  engineers  and 
surveyors  for  many  years  past,  but  without  any  practical  results  of  a  com- 
prehensive nature  being  achieved,  although  the  time  and  labour  bestowed  on 
the  matter  have  been  considerable.  The  subject  is  of  decided  importance 
and  one  of  growing  interest,  as  evidence  of  which  the  exhibits  of  materials 
in  connection  with  road  making  and  the  building  trades,  held  periodically  in 
London,  may  be  mentioned.  These  exhibitions,  besides  being  interesting, 
are  of  a  highly  educative  nature. 

Undoubtedly  the  problem  is  one  in  which  individual  knowledge  of  the 
wearing  qualities  of  road  metal  in  a  particular  locality  may  be  tolerably 
accurate;  nevertheless  a  ready  and  reliable  method  for  selecting  material 
from  any  source  would  be  of  great  value. 

Statistics,  and  also  the  tests  carried  out  on  road  metal,  show,  however, 
that  information  on  the  subject,  taken  as  a  whole,  has  not  made  much  pro- 
gress in  this  country,  more  particularly  as  to  the  relative  merits  of  the  dif- 
ferent kinds  of  rock  and  other  materials  used  in  road  construction  and  repair, 
and  to  the  connection  between  these  and  their  mineralogical  composition 
and  wearing  properties  under  the  varying  conditions  met  with  in  practice. 

That  tests  are  necessary  for  supplying  the  data  for  a  definite  scale  which 
shall  serve  as  a  standard  of  comparison  as  to  the  relative  value  of  different 
stones  for  road  metal,  is  evident  from  the  fact  that  any  stone  called  granite 
is  considered  to  be  a  good  road  material,  although  many  granites  in  use  are 
not  of  a  durable  nature.  Similarly,  many  other  rockB,  notably  elvans, 
basalts,  quartzites,  limestones,  and  some  sandstones,  although  in  many 
instances  excellent  material  for  macadam,  are  termed  '  granite '  as  a  trade 
name,  while  dolerite  and  diorite  or  wbinstoue  are  sometimes  styled  '  black 
granite.'  These  errors  of  nomenclature  are  very  misleading,  and  a  numeri- 
cal scale  or  standard  of  comparison  would,  if  introduced,  relegate  the 
different  materials  to  their  proper  places,  according  to  the  chemical  dura- 
bility of  the  mineral  constituents  composing  them,  and  the  other  properties 
which  go  to  make  a  reliable  road  stone,  whether  these  are  igneous  or  sedi- 
mentary rocks,  or  chemical  concretions. 

The  binding  properties  of  many  siliceous  stones  are  deficient,  but  this 
defect,  when  the  metalling  is  consolidated  by  steam-rolling,  can  be  overcome 
by  the  judicious  application  of  a  suitable  binding  material. 

Foothold  and  ease  of  traction  might  also  be  taken  into  consideration, 
and  the  former,  especially  in  the  case  of  basalts,  demands  some  attention, 
when  that  material  is  used  for  repairs  on  roads  having  steep  gradients. 

All  the  methods  of  testing  macadam  by  the  several  physical  processes 
enumerated  on  pp.  96  to  102  inclusive  are,  taken  exclusively  by  themselves. 


ROAD  MATERIALS  OR  METAL.  IO9 

misleading  to  a  great  extent,  and  in  many  instances  do  not  agree  with  the 
behaviour  of  the  material  under  actual  traffic 

The  standard  of  proficiency,  for  the  best  procurable  stone,  might  be 
represented  numerically  by  1  indicating  100  per  cent.,  and  for  limestones  and 
sandstones  10,  with  a  percentage  which  might  vary  from  50  to  20,  according 
to  the  arrangement  of  the  scale  and  the  character  of  the  materials  embraced 
in  it. 

The  real  difficulty  in  arriving  at  this  scale  of  comparison  would  be 
primarily  in  the  selection  of  the  best  material  obtainable  in  the  British 
Isles  for  preparing  macadam  to  withstand  efficiently  all  the  varying  con- 
ditions which  necessarily  enter  into  the  question. 

The  capability  of  road  metal,  taken  as  a  consolidated  mass,  to  withstand 
heavy  and  continuous  wheel  traffic  during  a  long  spell  of  drought  without 
breaking  up  or  splitting  into  minute  pieces,  and  also  of  enduring  a  similar 
traffic  during  wet  weather  or  alternating  frost  and  thaw,  cannot  be  easily 
determined.  These  are  certainly  the  worst  possible  conditions  in  the  actual 
wearing  properties  of  any  class  of  stone  met  with  in  practice. 

Undoubtedly  the  position  of  a  road,  whether  situated  in  the  open  or  in  a 
shaded  locality,  is  a  circumstance  to  be  considered,  while  the  foundation  of 
the  road,  subsoil  and  surface  drainage,  as  also  level  stretches  and  the 
gradients  of  roads,  have  all,  more  or  less,  an  influence  on  the  durability  of 
macadam. 

In  the  author's  experience  a  road  stone  which  is  capable  of  resisting  suc- 
cessfully a  heavy  traffic  on  a  practically  level  road,  the  subsoil  being  of  a 
retentive  and  naturally  damp  nature,  does  not  give  good  results  when  applied 
in  repairing  roads  on  a  gradient  of  about  1  in  25,  by  reason  of  the  stones 
being  split  into  small  pieces  by  the  wheels  of  vehicles  during  dry  weather. 

As  an  instance  of  this  peculiarity,  the  macadam  test,  Nos.  6  and  8  in 
Table  XIII.,  page  99,  may  be  taken  as  a  case  in  point ;  tests  Nos.  3  and  4  in 
same  table  give  satisfactory  results  on  inclines,  and  on  level  stretches  of  road 
where  a  free  subsoil  and  good  drainage  exist  In  damp  situations,  however, 
especially  when  the  surface  drainage  is  sluggish,  the  metaUing  is  not  nearly 
80  durable. 

In  addition  to  the  value  per  cent,  assigned  to  the  different  mineral  con- 
stituents of  which  a  particular  stone  is  composed,  the  durability,  and  espe- 
cially the  resistance  to  chemical  disintegration,  should  be  particularly  noted. 
Besides  these  qualifications  it  would  be  necessary  to  embrace,  in  the  scale  of 
merit,  a  value  for  attrition  and  absorption,  and  also  for  the  crushing  strength. 

The  latter  test  carried  out  on  dressed  cubes  of  stone,  regardless  of  the 
texture  and  cleavage  of  the  sample,  fail  utterly  to  convey  any  reliable  infor- 
mation as  to  the  comparative  pressure-resisting  properties  of  the  different 
stones  used  for  macadam.  In  estimating  this  factor  it  would  be  desirable, 
and  certainly  more  conclusive,  to  test  a  given  area  of  consolidated  metalling. 


no 
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as  a  square  foot,  for  instancey  which  would  determine  the  compressive 
strength,  and  therefore  the  comparative  value  of  the  material  as  applied  and 
tested  in  practice  by  actual  wheel  traffic. 

145.  The  different  sources  of  supply  of  the  igneous  rocks  and  the  other 
materials  from  which  macadam  and  paving  setts  are  derived,  indicate  their 
geographical  distribution  in  the  British  Isles,  as  may  be  gathered  from  the 
following  particulars. 

In  44  per  cent,  of  the  fifty-two  counties  comprising  England  and  Wales, 
there  are  granite,  syenite,  basalt  and  diorite  (whinstone),  while  90  per  cent, 
have  limestone  of  varying  degrees  of  hardness ;  8  per  cent,  have  neither 
class  of  material  for  road  purposes. 

146.  Scotland  has  only  one  county  in  which  granite,  basalt,  whinstone 
or  limestone  are  not  found ;  the  latter  class  of  material  is,  howevei;  only 
made  use  of  to  a  very  limited  extent  for  macadam  ;  the  other  rocks  (espe- 
cially whinstone)  are  abundant  in  most  of  the  counties,  and  are  generally  of 
a  superior  quality. 

147.  In  Ireland  granite  and  whinstone  are  found  in  37  per  cent,  of  the 
counties,  while  limestone  is  found  in  every  county  except  four,  and  in  three 
counties  there  is  neither  class  of  material. 

148.  The  syenitic-granite  of  the  Channel  Islands,  especially  that  from 
Guernsey  and  Aldemey,  finds  a  ready  market  in  London  and  many  of  the 
towns  on  the  south  coast;  about  280,000  tons  of  finished  material  are 
shipped  annually  from  St.  Sampson's  alone,  of  v^hich  about  30,000  tons  are 
macadam,  the  remaining  quantity  being  made  up  of  channels,  kerbstones, 
and  paving  setts.  The  absence  of  suitable  material  for  preparing  macadam 
in  many  of  the  English  counties,  and  the  appreciation  or  aoxiety  shown  by 
those  County  Councils  to  obtain  the  very  best  material  possible,  has  been  the 
means  of  concentrating  and  extending  the  industry  of  quarrying  and  breaking 
stone  for  road  purposes  in  localities  where  it  is  abundant,  of  recognized 
quality,  and  within  reasonable  distance  of  any  of  the  ordinary  means  of  con- 
veyance, or  connected  directly  by  railway. 

149.  Among  the  principal  centres  of  the  quarrying  industry  in  England 
and  Wales  for  the  production  of  macadam  and  paving  setts,  etc.,  the 
following  may  be  mentioned: — 


Glee  Hill  Dha 

(basalt) 

Shropshire  (supplied  to  60   per 
cent  of  the  counties  in  England 
and  Wales). 

Rowley  Hill 

(basalt) 

Staffordshire. 

Penmaenmawr 

('granite') 

Oamarvonshire. 

Pwllheli 

(granite) 

}» 

Mount  Sorrel 

(syenite) 

Leioester. 

Stoney  Stanton 

•» 

»f 

Enderby 

II 

ti 

Nuneaton 

»» 

t» 
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Bardon  Hill,  Great  Ayton  stone  (basalt)  North  of  England. 

Hartshill  (*baaalt/qaartzlte)  Warwickshire. 

Olyn  Roabon  (basalt)  Denbigh. 

Portmadoc  (syenite)  Merionethshire. 

Oeirog  (granite)  Chirk,  North  Wales. 

Pennant  stone  Qlamorgan,     Somerset,     Ponty> 

pridd  and  Bristol. 

150.  The  principal  centres  in  Scotland  of  the  granite  industiy  in  con- 
nection with  supplying  material  for  the  making  and  repairing  of  roads  and 
streets  are  Aberdeen,  Cove,  Kemnay,  Peterhead,  Dalbeatie,  Bon  Awe,  Fur- 
nace Quarries  (Loch  Fyne),  Kilsyth,  and  in  Kincardineshire.  Paving  setts 
and  kerbing  are  produced  from  these  quarries  in  large  quantities,  and  are 
much  used  in  the  principal  cities  of  Scotland  and  in  many  parts  of  England. 
Boad  metal  of  this  material,  however,  is  used  only  to  a  limited  extent,  and 
that  generally  in  the  vicinity  of  the  quarries  mentioned.  At  times,  however, 
a  considerable  demand  exists  for  the  better  qualities  of  granite-macadam  in 
some  of  the  large  towns  within  reasonable  distance  of  the  source  of  supply. 
Most  of  the  counties  are  well  supplied  with  suitable  rock  for  producing  road 
metal,  such  as  basalt  and  whinstone,  and  the  majority  of  the  quarries  are 
worked  under  the  direct  control  of  the  County  Councils.  Previous  to  1892, 
under  the  Eoad  Trustees  a  similar  arrangement  existed,  and  was,  until 
recent  years,  worked  on  the  contract  system  at  an  inclusive  price  per  cubic 
yard.  Of  late  years,  however,  every  effort  has  been  made  in  many  counties 
to  secure  the  utmost  economy  by  the  authorities  working  their  own  rock- 
drills,  and  by  the  surveyors  personally  superintending  the  quarrying  opera- 
tions in  their  respective  districts  and  counties. 

151.  In  Ireland  granite  is  largely  quarried  in  the  counties  of  Armagh, 
Down,  and  Wicklow,  while  basalt  and  whinstone  are  readily  obtained  and 
largely  made  use  of  for  road  purposes  in  the  counties  of  Antrim,  Donegal, 
Down,  Londonderry,  and  Tyrone,  limestone  forming  one-half  of  the  material 
used  for  macadam. 

152.  As  bearing  on  the  subject  of  supply  and  demand  for  cheap  and 
durable  materials  for  macadamizing  roads  and  paving  streets,  it  seems  strange 
that,  with  an  abundant  supply  of  suitable  rock  for  the  purpose,  this  country, 
especially  the  counties  on  the  south  and  east  coasts,  is  threatened  with  com- 
petition of  a  permanent  nature  for  supplying  these  materials  from  France, 
Belgium,  and  Norway.  As  a  matter  of  fact,  there  are  annually  imported  into 
this  country  large  quantities  of  Belgian  and  Norwegian  macadam  and  paving 
setts,  which,  no  doubt,  are  of  good  quality,  while  the  price  per  cubic  yard  or  ton 
is  considerably  less  than  for  similar  material  from  Mount  Sorrel  and  the  other 
quarries  in  Leicestershire.  The  effect  of  railway  carriage  on  the  price  of  these 
materials  seriously  threatens  the  stone  industry  of  certain  counties  in  this 
country,  and  any  means  by  which  the  cost  of  land-carriage  can  be  lessened,  and 
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the  working  expenses  reduced  in  the  prodaction  of  paving  setts,  and  macadam 
for  making  and  maintaining  roads,  should  be  carefully  studied.  Therefore, 
any  expedient  by  which  retrenchment,  however  small,  is  possible,  should  be 
practised  by  the  judicious  employment  of  modem  plant  and  machinery  for 
manipulating  and  transporting  the  material,  and,  no  doubt,  would  result  in 
large  sums  of  money  being  saved. 

It  is  estimated  that  2^  million  tons  of  material  are  used  annually  for  road 
stone  and  paving  in  these  islands;  the  cost  of  the  quarried  rock  alone 
amounts  to  about  £130,000 ;  while  the  value  of  the  finished  material  is  over 
half  a  million  sterling. 


CHAPTER  V. 

QUARRYING. 

15B,  In  the  preceding  chapter  the  quality  of  the  rock  necessary  for  pre- 
paring road  metalling  and  paving  setts  has  been  explained.  The  methods 
of  procuring  or  quarrying  the  material  will  now  be  described,  while  the  cost 
of  the  operations,  depending  on  many  considerations,  will  be  entered  into 
in  detail 

The  igneous  rocks  are  found  in  irregular  masses  and  dykes,  having 
innumerable  'backs,'  or  natural  veins  and  fissures,  interspersed  through 
the  mass,  which  facilitate  its  detachment  from  the  parent  rock ;  these  rock 
masses  exist  to  a  depth  practically  limitless. 

154.  Opening  New  Quarries;  Drainage;  Gravitation. — In  opening  a 
new  quarry  the  rock  mass  should  be  carefully  examined  with  a  view  to  taking 
advantage  of  the  inclination  of  the  bed  joints,  which,  for  econoniical  quarry- 
ing, should  dip  towards  the  working  face.  The  drainage  of  a  quarry  is  also 
of  great  importance,  and  the  floor  level  should,  when  practicable,  be 
arranged  so  that  the  water  can  be  drained  from  the  working  face  by 
gravitation.  The  depth  of  the  '  tirr '  or  overburden  to  be  removed  enters 
largely  into  the  question  of  selection,  and  the  amount  of  stripping  necessary 
for  a  certain  depth  of  rock  face  will  in  most  cases  determine  the  site  of 
a  quarry.  When  the  overburden  is  deep,  or  forms  a  large  proportion  to 
the  actual  quantity  of  rock  quarried,  the  cost  of  winning  the  stone  will  be 
correspondingly  high.  Gravitation,  besides  affording  drainage  facilities, 
assists  to  a  considerable  extent  the  process  of  quarrying  and  the  removal 
of  the  material  to  the  respective  points  at  which  it  is  to  be  treated,  such 
as  dressing-sheds  and  stone-breaking  machines.  By  this  means  un- 
necessary handling  is  avoided,  and  economy  promoted  in  carrying  on  the 
operations. 

It  is  sometimes  necessary,  in  order  to  secure  the  best  quality  of  rock,  as 
well  as  to  limit  the  extent  of  the  ground  occupied,  and  also  to  economize 
stripping,  for  a  quarry  to  be  worked  to  a  considerable  depth  below  the 
natural  surface.  This  at  times  may  entail  an  expenditure  for  pumping 
water,  in  order  to  keep  the  floor  of  the  quarry  dry,  while  the  lifting  or 
^  H 
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removal  of  the     uarried  material  by  mechanical  means  in  the  form  of 
eranes  and  atrial  cableways  becomes  necessary. 

155.  Tirrmg  or  Stripping. — The  tirring  or  stripping  may  be  removed 
as  necessity  arises,  or,  as  in  the  case  where  the  quarries  are  worked  under 
County  Councils  directly,  it  may  be  accomplished  by  the  roadmen  during 
frost  when  their  services  can  be  spared  from  the  ordinary  road  work. 

The  earth  removed  should  be  deposited  at  a  point  not  likely  to  interfere 
with  the  future  working  of  the  quarry.  Attention  to  this  matter  will  save 
a  considerable  amount  of  trouble  and  unnecessary  expense  in  lifting  it  again 
at  some  other  time.  The  overburden,  when  of  a  tenacious  nature,  or  when 
it  is  frozen,  may  be  advantageously  broken  up  by  sinking  a  few  holes 
from  2  to  5  feet  in  depth,  and  charging  them  with  some  high-grade 
explosive ;  on  this  being  exploded  the  ground  will  be  sufficiently  broken 
up  to  ensure  its  easy  removal. 

156.  The  simplest  form  of  quarrying  is  that  by  which  the  material  can 
be  removed  from  the  parent  mass  by  picks,  wedges,  and  levers.  This  is, 
however,  only  possible  in  certain  quarries,  which  are  by  no  means  numerous, 
and  recourse  must  usually  be  had  to  drilling  and  blasting. 

157.  Hand-driUing  or  Boring.— The  boring  or  drilling  of  holes  by 
manual  labour,  or,  as  it  is  termed,  JiancI-drilUngy  is  generally  effected  by 
either  single  or  double-hand  operations.  The  jumpers,  or  boring-tools,  are 
for  the  most  part  now  made  from  cast  steel  bars  of  octagonal  section, 
supplanting  those  formerly  in  use  made  from  round  iron  bars  with  steeled 
cutting  edges.  The  cutting  edge  of  the  tool  may  vary  in  width  from  1  to  4 
inches,  the  stocks  being  of  a  somewhat  less  diameter,  so  as  to  enable  the  tool 
to  free  itself  readily  in  the  bore-hole ;  this  also  avoids  the  introduction  of  any 
unnecessary  weight  into  the  jumpers. 

158.  For  instance,  a  boriug-tool  having  a  cutting  edge  of  1  inch  in 
width  is  made  from  a  steel  bar  f  ths  of  an  inch  in  diameter,  while  |-iuch  bars 
are  selected  to  make  a  boring-tool  with  1^-inch  cutting  edge,  and  so  on  in  a 
similar  proportion  to  tools  or  jumpers  for  boring  a  2^-  or  3-inch  hole,  which 
are  manufactured  from  bars  of  If  inch  in  diameter.  The  cutting  edge  of  the 
tool  may  be  made  straight  or  slightly  curved  for  haud-boring ;  the  straight 
cutting  edge,  although  working  more  freely  than  those  of  the  curved  form, 
are  somewhat  weaker  at  the  corners,  and  consequently  liable  to  fracture. 

159.  Hand-drills  and  Jumpers. — The  straight  and  curved  cutting  edges 
are  shown  in  figs.  47  and  4<S,  while  fig.  49  represents  a  section  of  the  chisel 
point,  the  sides  of  which  should  not  form  a  greater  angle  than  70  degrees. 

The  steel  bars  from  which  boring-tools  are  made  are  generally  cut 
into  varying  lengths  as  may  be  desired ;  the  tools  for  boring  holes  of  the 
smallest  diameter  are  from  18  to  20  inches  long,  while  those  for  boring 
holes  of  greater  diameter  may  vary  from  42  inches  up  to  6  or  7  feet  in 
length.     A  blow  given  to  a  jumper  is  more  effective  the  shorter  the  bar, 
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heuce  it  is  a  common  practice  to  make  use  of  a  number  of  tools,  each 
succeeding  one  being  somewhat  longer,  while  at  the  same  time  the  cutting 
edge  is  slightly  reduced  in  width.  The  actual  diameter  of  the  hole  drilled 
is  somewhat  greater  than  that  of  the  drill-bit 

The  striking  face  of  the  steel  or  stock  should  be  flat,  and  in  the  larger 
sizes  the  diameter  of  the  head  is  made  less  than  that  of  the  stock. 

160.  Hardening  and  Tempering  Hand-drills. — The  forging  and  harden- 
ing of  boring  or  drill-bits  are  operations  requiring  much  skill  on  the  part 
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of  the  smith,  so  as  to  avoid  the  cutting  edge  and  lower  portion  of  the 
stock  being  *  burnt,'  or  the  formation  of  *  water  cracks ' ;  and  in  tempering 
it  is  advisable,  in  order  to  obtain  the  best  results,  to  let  down  the  steel  to 
a  bright  straw  yellow. 

161.  Hammers  and  Sledges. — Hammers  or  sledges  of  cast  steel  are  made 
of  varying  weights,  according  to  whether  the  drilling  is  to  be  performed 
by  the  single-hand  or  the  double-hand  method.  These  vary  considerably 
in  shape  according  to  the  ideas  and  customs  of  the  workmen  in  the  different 
localities  where  quarrying  operations  are  carried  on.  The  weight  of  hammers 
for  single-hand  boring  is  generally  about  4^  lbs.,  and  as  the  expression 
implies,  one  man  in  a  sitting  position  performs  the  whole  operation  by 
manipulating  both  tool  and  hammer.  For  double-hand  drilling  the  sledge 
may  be  as  heavy  as  10  lbs.,  the  shaft  or  helve,  generally  30  inches  long, 
bebg  made  of  a  wood  having  some  elasticity,  such  as  hickory,  young  oak,  or 
acacia ;  ash  is  also  much  used  for  the  shafts  or  handles  of  quarry  tools. 

162.  Starting  a  Bore-hole.  Single-  or  Double-hand  Drilling. — The 
first  step  necessary  in  commencing  drilling,  after  the  tirring  or  stripping 
has  been  accomplished,  is  to  fix  the  position  of  the  bore-hole  for  blasting  in 
the  most  advantageous  manner,  regard  being  had  to  the  natural  veins  and 
fissures  of  the  rock  as  a  means  of  facilitating  its  detachment  from  the 
parent  mass.  It  is  necessary  to  remove  any  loose  pieces  of  rock  and 
prepare  the  surface  by  chipping,  so  that  it  may  be  nearly  at  right  angles 
to  the  direction  of  the  intended  bore-hole.  Double-hand  drilling  is  some- 
times performed  by  two  men ;  one,  sitting  on  the  rock,  guides  and  turns  the 
jumper  with  one  hand,  and  strikes,  by  means  of  a  light  hammer,  alternate 
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blows,  the  other  blows  beiug  delivered  by  a  second  man  using  a  heavy 
hammer  or  sledge.  The  usual,  and  at  the  same  time  most  satisfactory  method, 
is  for  three  men  to  do  the  work.  One  man  takes  up  a  sitting  position  and 
holds  the  drill  vertically  between  his  knees,  keeping  it  in  proper  position, 
and  turning  it  partly  round,  while  the  other  two  men  strike  the  head  of  the 
boring-bar  with  sledges,  lightly  at  first,  and  increasing  the  force  of  the 
blow  after  the  bit  has  fairly  entered  the  rock.  The  degree  of  turn  necessary 
to  be  given  in  drilling  is  one-eighth  of  a  revolution,  which  prevents  the 
cutting  edge  falling  twice  in  the  same  place ;  by  this  means  the  greatest 
amount  of  work  is  accomplished,  and  a  circular  form  of  bore-hole  is  ensured. 
By  using  water  in  the  bore-hole  the  drilling  is  greatly  facilitated,  the 
time  being  reduced  by  one-third ;  it  also  keeps  the  cutting  edge  cool,  and 
converts  the  dust  and  chippicgs  in  the  bottom  of  the  hole  into  sludge,  which 
must  be  cleaned  out  by  means  of  a  'scraper'  from  time  to  time  as  it 
accumulates  In  very  hard  rock  a  drill  may  have  to  be  changed  frequently, 
which  necessitates  the  use  of  several  of  about  the  same  length;  and 
these  should  always  be  in  good  order  and  near  at  hand.  The  depth  to 
which  the  bore-holes  are  drilled  by  the  double-hand  method  is  generally 
from  5  to  6  feet,  sometimes  8  feet ;  for  greater  depths  up  to  10  feet  churn- 
drilling  is  resorted  to  when  the  nature  of  the  rock  admits  of  this  being  done. 

163.  Chum-driUing.— The  drilling-bar  or  steel  for  this  method  of  boring 
has  a  cutting  edge  of  dififerent  width  at  either  end  of  the  stock,  the  blow 
given  to  the  rock  being  obtained  by  the  direct  impact  of  the  falling  drill, 
which  is  raised  by  two  men  to  a  height  of  about  one  foot,  and  then  allowed 
to  drop.    In  long  boring-tools  a  sufficient  weight  for  the  purpose  is  generally 

Fig.  50.— Long  boring-tool. 

contained  in  the  steel  stock,  but  additional  weight  may  be  obtained  if 
necessary  by  having  a  bead  or  swelling  fixed  on  the  stock  between,  but  at 
unequal  distances  from,  the  extremities,  as  shown  in  fig.  50. 

164.  The  water  which  is  poured  into  the  bore-hole  to  facilitate  the 
penetration  of  the  bit  into  the  rock  is  prevented  from  splashing  about, 
particularly  in  shallow  holes,  by  placing  a  perforated  leather  or  india-rubber 
washer  on  the  shank  of  the  drill  at  the  Surface  level  of  the  rock.  This 
object  may  also  be  accomplished  by  winding  straw  round  the  steel,  which 
should  be  fixed  as  in  the  case  of  the  washer. 

The  sludge  formed  during  the  process  of  drilling  must  be  removed  from 
time  to  time  as  the  depth  of  the  bore-hole  advances,  since  the  oftener  this  is 
done  the  greater  will  be  the  amount  of  drilling  performed  in  a  given  time.  The 
rock  being  exposed  to  the  action  of  the  cutting  edge  of  the  tool  and  the  full 
effect  of  the  blows  transmitted  to  it  by  the  jumper,  will  not  be  cushioned,  as 
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it  would  be  in  the  case  where  the  sludge  is  lying  between  the  bottom  of  the 
hole  and  the  edge  of  the  boring-tool.  The  cleaning  out  of  the  bore-holes, 
when  not  too  deep,  is  effected  by  a  simple  tool  called  a  scraper,  which 
consists  of  a  rod  of  iron  varying  from  ^  to  ^  inch  in  thickness,  and  of  a 
sufficient  length  to  reach  the  bottom  of  the  holes.  It  is  provided  with  a  disc 
attached  at  each  end  of  the  rod  of  different  diameter,  so  as  to  make  it  suitable 
for  the  various  sizes  of  holes  bored.  Instead  of  having  discs  at  either  end, 
oue  of  these  is  sometimes  formed  with  a  spiral  hook  or  drag-twist,  which  is 
very  useful,  as,  by  attaching  a  wisp  of  liay  to  it,  the  bore-hole  can  be 
thoroughly  wiped  dry  previous  to  charging. 

165.  In  the  event  of  the  shank  of  a  drilling-tool  or  jumper  being  broken 
by  some  cause  or  other  while  boring  operations  are  in  progress,  the  portion 
left  in  the  bore-hole  may  be  recovered  by  various  means.  The  simplest 
way  of  accomplishing  this  is  to  guide  a  running  noose  of  cord  by  the  aid 
of  a  second  drill  on  to  the  broken  one,  and  pull  the  noose  tight,  when  the 
portion  of  the  drilling-steel  left  in  the  bore-hole  can  be  drawn  out.  Tongs 
having  an  arrangement  attached  for  tightening  the  legs  so  as  to  grip  the 
steel  firmly  are  also  sometimes  employed  for  this  purpose;  while  another 
instrument  called  a  beche,  made  of  iron,  and  having  a  hole  at  the  lower 
end  of  a  slightly  conical  shape,  which  fits  on  to  the  top  of  the  broken  steel, 
is  at  times  made  use  of  for  the  same  purpose. 

166.  If,  as  often  happens  in  many  quarries  from  which  road  material  is 
taken,  water  finds  its  way  through  fissures  into  the  bore-hole,  it  becomes 
necessary  to  line  it  with  clay  when  the  explosive  agent  employed  is  blasting 
powder. 

This  is  performed  by  putting  the  clay  into  the  bore-hole  in  a  plastic 
state,  inserting  an  iron  tool  slightly  less  in  diameter  than  the  hole,  and 
pointed  at  one  end,  called  a  brill,  and  by  repeated  blows  forcing  the  clay 
into  the  joints  and  crevices  of  the  rock.  This  instrument,  which  at  one 
time  formed  an  important  part  in  a  set  of  '  blasting  gear,'  has  now  become 
of  less  importance  by  the  introduction  of  waterproof  cartridges  containing 
gunpowder,  and  the  nitro-glycerine  and  gelatinous  compounds,  which  are 
now  much  used  in  blasting  operations. 

167.  Amount  of  Work  accomplished  by  Hand-boring  or  Manual 
Labour. — ^The  amount  of  drilling  or  the  depth  of  holes  which  can  be  accom- 
plished in  one  day  will  greatly  depend  on  the  hardness  of  the  rock  and  the 
size  of  the  drilling-tool  used.  Joints  and  fissures  when  lying  at  an  angle  to 
the  direction  of  the  bore-hole  give  considerable  trouble,  and  much  time  is 
consequently  lost,  reducing  the  amount  of  work  below  what  could  otherwise 
be  accomplished  under  more  favourable  circumstances.  For  this  reason  it  is 
advisable  to  select  the  best  possible  position  for  the  bore -hole,  while  at  the 
same  time  due  consideration  must  be  given  to  its  position  and  direction  in 
relation  to  the  portion  of  rock  which  is  to  be  dislodged  from  the  parent  mass. 
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The  amount  of  drilling  which  can  be  accomplished  by  hand,  in  the 
different  classes  of  rock  used  for  road  purposes,  varies  considerably  according 
to  circumstances. 

The  method  of  calculating  and  stating  the  actual  amount  of  drilling  per- 
formed will  be  given  in  cylindrical  inches^  which  is  particularly  applicable  to 
open  quarry  work.  This  system  of  computing  the  amount  of  work  done  will 
also  be  adopted  in  determining  that  performed  by  machine  rock  drills,  which 
will  be  described  later  on.  The  cylindrical  inch  has  a  relative  value,  and  the 
use  of  the  term  is  preferable  when  making  a  comparison  of  the  amount  of 
work  done  and  the  cost  of  the  operation,  than  by  simply  stating  the  number  of 
inches  or  feet  in  depth  drilled  each  day.  Under  the  latter  circumstances  no 
comparison  is  possible,  as  the  width  of  the  bit  or  size  of  the  borehole  may 
vary  considerably  according  to  the  depth  drilled,  while  the  length  of  the 
working  day  is  at  times  a  variable  factor  in  quarrying  operations. 

Therefore,  by  adopting  this  numerical  figure  as  a  standard  for  the 
amount  of  work  performed  in  a  given  time,  a  comparison  can  be  more 
readily  arrived  at  between  drilling  by  manual  labour  on  the  one  hand,  and 
that  accomplished  by  a  machine  rock  drill  on  the  other,  while  the  drilling 
capacity  of  the  different  types  of  the  latter  can  also,  by  this  means,  be  easily 
ascertained. 

In  Table  XYIII.  the  average  amount  of  work  performed  by  hand  drilling 
is  stated  in  accordance  with  the  preceding  particulars.  As  the  length  of  a 
day,  however,  is  a  somewhat  vague  definition  of  time,  more  especially  when 
the  working  hours  are  interfered  with  by  stress  of  weather,  or  shortened 
during  the  winter  months,  the  hour  is  adopted  from  which  a  day's  work  of 
any  specified  number  of  hours  can  be  calculated.  The  figures  are  taken 
from  the  results  of  actual  experience  under  varying  conditions,  time  being 
allowed  for  cleaning  out  holes  and  resting. 

Table  XVIII. 

Rod'  Drilling  by  hand :  one  man  manipulating  the  dnll,  tivo  men 

striking  with  sledges.     Bore  holes  vertical  doianwards. 


Cylindrical  Inches. 

Per  Hour. 

7  Hours  Day.  1 10  Hours  Day. 

No.  1. 

16 
19 
21 

28 

No.  2.                 No.  3. 

In  granite, 

„  basalt 

,,  whiiistone,         .... 
,,  limestone  (mountain ), 

l]2                      160 
133                       J  90 
147                       210 
196                      280 
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The  depth  of  a  bore-hole  in  inches,  drilled  in  an  hour's  time,  can  be  found 
by  dividing  the  figures  given  in  column  No.  1  by  the  diameter  in  inches  of 
the  drilling-bit  used.  For  horizontal  or  breast-holes  the  amount  stated  in 
Table  XYIII.  will  be  less  by  about  30  per  cent.  It  should  also  be  men- 
tioned that  the  figures  in  the  table  are  calculated  for  bits  capable  of  drilling 
a  bore-hole  of  an  average  diameter  of  1^  inch  ;  for  shallow  bore-holes  of  a  less 
diameter,  and  which  are  at  times  required,  the  amount  will  be  slightly  in 
excess  of  the  figures  given. 

168.  Cost  of  Hand-boring.— To  arrive  at  the  cost  of  drilling  per  foot  of 
depth  with  drills  of  varying  diameters  the  cost  of  labour  and  incidental 
expenses  require  to  be  determined.  Taking  the  average  wages  at  3s.  8d.  for 
each  man  per  day  of  nine  hours,  and  allowing  2d.  per  foot  of  depth  for 
sharpening  the  bits  on  the  harder  rocks,  loss  of  weight  in  steel,  repairs  to 
hammers  and  sledges,  etc.,  amounting  to  say  Is.,  128.  will  be  the  total  cost 
for  each  day's  work  of  one  squad  of  drillers. 

The  cost  of  drilling  one  foot  in  depth  with  bits  of  different  sizes,  taking 
129.  as  the  actual  cost  per  day  of  nine  hours,  or  rather  over  Is.  4d.  per 
hour,  is  shown  in  the  following  table,  which  may  be  taken  as  a  broad 
average. 

Table  XIX. 

Comparative  Statement  of  tJie  cost  of  drilling  by  hand  per  foot 
in  depth  with  drUling-bits  of  varying  sizes. 


Diameter  of  Boi  e-holes  in  Inches  (average). 

liin. 

l}in.        2  in. 

2i  in. 

Sin. 

Granite,  cost  per  foot, 
Basalt,            V, 
Whinstone,      „ 
Limestone,       , , 

8,    d. 
1     6 
1     3 
1     2 
0  lOf 

8,    d,    i    8,    d. 
19         2    0 
16         18 
14         16 
10         1     2i 

8,    d, 
2    6 
2     1 
1  11 
1     6 

8.    d, 
8    0 
2    6 
2    8 
1     9i 

Should  the  total  wages  per  day  be  more  or  less  than  that  mentioned, 
then  the  figures  in  the  table  must  be  correspondingly  increased  or  reduced, 
on  the  assumption  that  the  same  amount  of  work  is  performed. 

When  the  nature  of  the  rock  permits  of  the  bore-holes  being  put  in  by 
means  of  a  churn-drill,  the  cost  per  foot,  after  the  first  18  or  24  inches,  can, 
by  this  method  of  drilling,  be  accomplished  for  about  20  to  25  per  cent,  less 
than  the  cost  per  foot  stated  in  the  table  above. 

169.  The  remarkable  advance  made  in  recent  years  in  the  construction 
of  mechanical  rock  drills  is  such  that  the  practice  of  hand-boring,  the  only 
method  of  former  days,  has  been  to  a  great  extent  superseded. 
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The  practical  advantages  accruing  from  the  use  of  rock-drilling  machines 
in  quarrying  operations  are  decidedly  great,  while  the  rate  of  progress  made 
possible  by  their  use  has  been  the  means  of  reducing  the  cost  of  production, 
and  greatly  extending  work  in  connection  with  the  stone  industry. 

This  applies  very  particularly  to  the  quarrying  of  material  for  macadam- 
izing purposes ;  and  the  substitution  of  mechanical  power  for  hand  labour 
in  accomplishing  this  has  been  very  marked  in  recent  years,  while  the 
economy  efifected  by  its  use  enables  the  quantity  of  material  for  repairs 
amounting  to  double  that  possible  by  hand-boring  to  be  procured  for  the 
same  expenditure.  In  other  words,  the  economy  effected,  on  any  quantity 
of  material  quarried,  is  50  per  cent,  by  machine  over  what  can  be  accom- 
plished by  hand-drilling  and  the  attendant  expenses  of  blasting. 

Machine  rock  drills  are  applied  in  a  variety  of  ways,  according  to  the 
work  required  of  th^m ;  the  arrangement  with  a  tripod  for  its  support  will 
alone  be  described,  as  it  is  the  only  form  employed  in  boring  rock  from 
which  the  material  for  making  and  repairing  roads  and  streets  is  obtained. 

Machine  rock  drills  are  actuated  in  the  same  way  as  the  drills  used  in 
hand  drilling,  namely,  by  a  succession  of  blows  given  to  a  chisel-pointed 
tool  which  is  partially  turned  round  between  each  blow  as  already  described, 
and  known  as  percussive  boring. 

170.  Hand-power  Drilling  Machines.— Hand-power  drilling  machines 
have  been  employed  to  a  limited  extent ;  they  are  operated  by  two  or  three 
men  turning  a  handle  and  flywheel  conveying  to  the  mechanism  the  neces- 
sary power  to  cause  the  drilling-bit  to  strike  two  or  three  blows  on  the  rock 
for  each  turn  of  the  handle.  In  this  class  of  machine  the  force  of  the  blow 
is  limited,  while  a  considerable  amount  of  power  is  absorbed  by  the  machine 
itself  through  the  friction  of  its  working  parts.  As  a  machine  does  not 
create  power,  a  hand-power  boring  machine  must  be  lacking  in  efficiency  and 
economy.  Although  machines  of  this  particular  class  have  not  attained  a 
high  reputation,  still  they  may  be  regarded  as  the  first  step  in  the  transition 
from  hand  to  machine  drilling.  There  can  be  no  doubt  that  the  Sommeiller 
drilling  machine  used  for  piercing  the  rock  during  the  construction  of  the 
Mont  Cenis  Tunnel  is  the  prototype  of  the  rock  drills  now  in  use. 

171.  Different  Types  and  Bequirements  of  a  Eoek-drilling  Machine. 
— The  numerous  types  of  machine  rock  drills  in  use  at  the  present  time  vary 
in  many  particulars,  but  chiefly  in  the  details  of  construction  rather  than  in 
the  principle  on  which  they  work.  Durability  is  of  great  importance  in  a 
rock  drill ;  any  defect  iu  the  principle  of  the  mechanism  or  construction  of 
the  parts  subjected  to  considerable  strain  materially  affects  the  working 
expenses.  The  weight  should  be  reduced  where  not  necessary  for  efliciency 
and  the  fitting  of  the  working  parts,  an  important  element  which  may, 
if  not  properly  designed  and  manufactured,  involve  the  outlay  of  consider- 
able expenditure  for  repairs.     Great  strength  in  certain  parts  of  rock  drills 
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is  essentialy  oonaidering  the  rough  usage  they  are  sometimes  subjected  to, 
while  lightness  for  the  sake  of  portability  has  also  to  be  considered. 

The  requirements  of  a  good  machine  rock  drill  are  given  concisely  by 
Andr^  in  his  work  on  Coal  Mining^  and  are  as  follows : — 

1.  A  machine  rock  drill  should  be  simple  in  construction,  and  strong  iu 

every  part 

2.  It  should  consist  of  few  parts,  and  especially  of  few  working  parts. 

3.  It  should  be  as  light  in  weight  as  can  be  made  consistent  with  the  first 

condition. 

4.  It  should  occupy  but  little  space. 

5.  The  striking  part  should  be  relatively  of  great  weight,  and  should 

strike  the  rock  directly. 

6.  No  other  part  than  the  piston  should  be  exposed  to  violent  shocks. 

7.  The  piston  should  be  capable  of  working  with  a  variable  length  of 

stroke. 

8.  The  sudden  removal  of  the  resistance  should  not  be  liable  to  cause 

any  injury  to  any  part. 

9.  The  rotary  motion  of  the  drill  should  take  place  automatically. 

10.  The  feed,  if  automatic,  should  be  regulated  by  the  advance  of  the 
piston  as  the  cutting  advances. 

172.  Tappet  Drills. — From  these  exacting  and  admittedly  necessary 
requirements  it  is  evident  that  the  movement  of  a  valve  actuated  by  a  tappet 
situated  in  the  cylinder  of  a  drill  does  not  conform  with  these  rules,  since 
two  parts  are  subjected  to  violent  shocks,  namely,  the  piston  and  the  tappet ; 
moreover,  the  latter  is  liable  to  abnormal  wear.  Another  defect  which  is 
invariably  present  in  rock  drills  having  a  tappet-actuated  valve  motion  is  that 
the  blow  is  struck  on  a  cushion  of  air  or  steam.  No  doubt  this  may  occur 
only  to  a  limited  extent  if  the  drill  operator  is  capable  of  judging  the  actual 
length  of  stroke,  a  qualification  rarely  met  with  in  practice ;  whQe,  on  the  con- 
trary, there  must  be  considerable  cushioning.  When  this  is  the  case  the 
drill  is  expending  the  motive  power  on  itself  instead  of  on  the  rock. 
Tappets,  especially  those  made  of  the  double  form,  are  liable  to  failure 
through  fracture  or  displacement;  it  is  therefore  undesirable  to  use  drills 
constructed  on  this  principle  at  a  high  piston  speed,  and  consequently  they 
are  not  si)eedy  cutters. 

The  tappet  drill,  however,  has  a  slight  advantage  over  drills  with  steam- 
thrown  valves,  especially  when  the  steam  is  wet,  or  where  by  accident  any 
foreign  matter  gains  access  to  the  working  parts,  the  large  openings  in  this 
class  of  drilling  machines  being  capable  of  discharging  these  without  injury 
to  the  valve. 

With  the  inherent  defects  described,  it  is  evident  that  the  tappet  drill 
cannot  be  classified  as  a  perfect  working  machine. 

173.  Bock  Drills  with  Steam-thrown  Valves. — Those  machines  which 
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have  steam-thro  vm  valves  with  a  positive  action  present  the  best  form  of 
construction,  as  only  one  part,  and  that  part  the  piston,  is  subjected  to  violent 
shocks.  Most  of  the  earlier  types  of  rock  drills  and  a  large  number  at 
present  in  use  are  distinguished  by  having  a  tappet-actuated  valve,  and,  as 
might  have  been  expected,  the  improvement  in  the  valves  of  rock-drilling 
machines  has  tended  in  the  direction  of  steam  or  air-thrown  valves.  Many 
other  important  features  necessary  to  their  efficient  working  will  be  noticed 
later  on. 

174.  Some  Types  of  Drillfi  used  in  this  country. — For  obvious  reasons 
it  would  be  impossible  to  attempt  a  description  of  the  numerous  forms  of 
rock  drills  constructed  and  made  use  of  in  this  and  other  countries,  although 
many,  no  doubt,  possess  points  of  considerable  merit.  Of  those  which  have 
been  in  favour  for  some  years  past,  the  following  may  be  mentioned :  the 
'  IngersoU -  Sergeant,'  the  'Himant'  (Larmnth's),  'Schrams,'  and  'Rio 
Tinto.' 

The  first  two  are  those  most  extensively  employed  in  this  country,  the 
former,  in  particular,  beiog  used  by  quarry  owners  and  County  Councils, 
while  the  latter  has,  in  the  past,  been  greatly  used  by  contractors  in  connec- 
tion with  public  works. 

175.  <  IngersoU-Sergeant '  Bock  Drill. — The  'IngersoU-Sergeant'  rock 
drill  with  auxiliary  valve  is  a  development  of  the  *  Ingersoll '  and  the  '  luger- 
soll  Eclipse '  drills,  and  has  been  designed  for  boring  hard  rock.  The  general 
construction  and  working  parts  are  shown  in  longitudinal  section  in  fig.  51. 
The  main  valve  a  is  made  of  one  piece  in  the  form  of  a  small  double  piston 
with  two  wide  annular  grooves  turned  in  it  to  admit  the  steam  or  compressed 
air  to  and  from  the  main  cylinder  5.  The  travel  is  produced  by  moans  of 
an  auxiliary  valve  c,  acting  as  a  trigger  to  the  main  valve,  but  entirely 
independent  of  it.  It  opens  or  closes  the  steam  or  air  passives,  thereby 
releasing  the  pressure  from  one  end  or  the  other  of  the  main  valve.  The 
auxiliary  valve  moves  on  an  arc  of  a  circle  through  contact  with  the  piston 
df  operating  tangentially,  and  which  has  a  wide  annular  recess  €,  in  the 
middle  of  its  length,  with  inclined  planes  at  either  end,  forming  a  shoulder. 
The  valves  are  held  in  such  a  position  that,  while  the  piston  carrying  the 
cutting  tool  is  moved  towards  the  rock,  the  exhaust  remains  open  at  one 
end,  the  full  pressure  acting  on  the  other  end  until  the  blow  is  struck,  at 
which  time,  and  then  only,  the  main  valve  is  immediately  reversed.  By  the 
combination  of  the  spool  valve  with  an  auxiliary  valve,  working  in  direct 
contact  with  the  piston,  a  positive  motion  is  obtained,  which  ensures  the  full 
force  of  the  blow  being  delivered  on.  the  rock,  or,  as  it  is  termed,  a  dead 
blow.  This  is  a  special  feature  of  the  '  Ingersoll-Sergeant '  machine,  and  gives 
a  distinct  advantage  compared  with  those  drills  which  strike  a  cushion  of 
steam  or  air  in  the  front  of  the  cylinder  and  the  rock  simultaneously,  neces- 
sarily reducing  the  cutting  power  of  the  drill  considerably. 
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The  variable  piston  stroke,  so  essen- 
tial in  starting  bore-holes,  and  when  the 
bit  is  working  through  seamy  rock  lying 
at  a  considerable  angle  to  the  direction 
of  the  bore-hole,  is  obtained  by  simply 
turning  the  crank  and  feeding  the 
machine  towards  the  rock.  This  is  of 
great  importance,  as  by  feeding  the 
drill-bit  up  to  within  an  inch  of  the  rock 
a  hole  can  be  started  with  great  ease, 
and  in  one-half  the  time  occupied  by 
a  rock  drill  working  on  a  full  stroke. 
It  may  also  be  observed  that  in  rock- 
drilling  machines  which  have  not  a 
variable  stroke,  the  bit  is  liable  to  have 
the  comers  broken  by  reason  of  the 
long  stroke  when  striking  on  a  slant- 
ing face.  "When  this  does  not  occur 
the  bore-holes  which  are  commenced 
under  these  conditions  with  a  glancing 
blow,  invariably  drill  a  hole  out  of  line 
with  the  machine,  necessitating  in  most 
cases  its  being  altered  to  coincide  with 
the  changed  position  of  the  intended 
bore-hole. 

The  liability  of  a  drill-bit  to  stick 
or  become  jammed  when  passing  through 
fissured  rock  presents  itself  in  a  greater 
or  less  degree  in  most  quarries  from 
which  rock  is  obtained  for  road  pur- 
poses. It  is  essential,  therefore,  that  a 
drill  should  be  capable  of  exerting  suffi- 
cient power  to  loosen  or  withdraw  the 
bit  easily.  This  is  provided  for  in  the 
*  Ingersoll-Sergeant'  drill  by  a  sufficient 
annular  space  affording  the  necessary 
area  for  pressure  on  the  front  end  of 
the  cylinder,  by  which  means  it  is 
capable  of  not  only  making  the  return 
stroke,  but  of  lifting  or  recovering  the 
drill-bit  from  broken,  crooksd,  or  muddy 
bore-hcles.  The  piston,  besides  being 
made  of  steel  and  hardened,  fits  plug- 
like in   the  cylinder,  and  is   provided 
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with  piston  rings  made  in  two  pieces  with  an  elliptical  spring  underneath 
to  keep  them  tight  to  the  bore  of  the  cylinder,  thus  preventing  leakage 
past  the  piston. 

The  means  employed  to  give  a  rotary  motion  to  the  drill-bit  on  its  return 
stroke  is  shown  at  /  and  g^  fig-  51,  and  in  detail  at  fig.  52,  and  consists  of 
a  rifle  or  spiral  bar  /,  having  deep-cut  grooves  working  through  a  brass  nut 
/^  screwed  firmly  into  the  end  of  the  piston,  and  fitted  at  the  back  head  end 
with  a  ratchet  wheel  g  with  internal  teeth.  Two  pawls,  g\  press  against  the 
ratchet  teeth,  and  are  kept  in  position  by  spiral 
springs  having  a  straight  line  movement.  It  will 
be  observed  that  the  piston  carrying  the  drill-bit 
assumes  by  this  arrangement  a  new  position  after 
each  stroke. 

^^*  The  drill-bit  in  striking  an  uneven  surface  has 

at  times  a  tendency  to  turn  the  steel  or  shank  iu  an  opposite  direction  to 
that  in  which  it  should  rotate.  The  liability  to  this  in  a  drill  with  a  rigid 
rotating  mechanism  may  cause  the  spiral  bar  to  become  twisted  and  the 
ratchet  teeth  and  pawls  to  break.  In  the  '  Ingersoll-Sergeant '  drill  the 
effect  of  such  a  contingency  is  obviated  by  a  release  movement,  brought 
about  by  the  washer  at  the  back  head  being  simply  turned  round,  thus 
overcoming  the  frictiou  caused  by  the  pressure  of  the  back  head  springs. 
This  device  is  undoubtedly  an  ingenious  piece  of  mechanism,  and  being 
of  decided  efficiency,  is  not  liable  to  injury,  an  all-important  matter  during 
drilling  operations. 

It  often  occurs  in  drilling  rock  that  the  bit,  in  passing  through  seams, 
encounters  a  soft  part  which  causes  it  to  penetrate  suddenly,  or  advance 
rapidly,  the  result  being  that  the  piston  strikes  the  front  head  of  the  drill. 
To  obviate  any  possibility  of  damage  through  this  cause  two  steel  springs 
(n,  fig.  51)  are  placed  on  the  back  head  and  connected  with  the  front  head 
by  means  of  side  bolts,  thus  cushioning  the  blow  resulting  from  the  drill 
operator  neglecting  to  feed  the  machine  properly. 

This  is  at  once  a  simple  and  thoroughly  efficient  method  of  preventing 
the  breaking  of  the  cylinder  covers,  aud  much  preferable  to  and  less 
expensive  than  the  device  geneially  adopted  on  many  rock  drills,  where 
india-rubber  buffers  or  cushions  are  made  use  of. 

The  manner  of  fixing  the  drill-bit  steels  is  a  matter  of  considerable 
moment,  when  it  is  considered  that  they  have  to  be  changed  repeatedly 
during  the  progress  of  a  deep  bore-hole.  The  forward  or  feed  motion  of  the 
drill  described  is  24  inches,  necessitating  the  use  of  drill  steels  advancing  in 
length  by  2  feet.  It  will  be  obvious  that  should  the  time  occupied  iu 
changing  the  steels  be  great,  the  time  actually  engaged  in  drilling  by  the 
machine  will  be  correspondingly  reduced. 

It  is  therefore  very  desirable  that  the  changing  of  the  steels  should 
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occupy  as  short  a  time  as  possible ;  hence  the  mode  of  fixing  them  should  be 
simple ;  but  as  the  vibration  of  the  machine  when  at  work  and  the  strain  on 
the  drilling-steel  is  necessarily  great,  it  is  quite  as  important  that  the  steel 
should  be  firmly  fixed.  The  means  of  attachment  is  effected  by  inserting 
the  end  of  the  steel  into  a  socket  5^  inches  deep  and  1  ^  inch  diameter  in  the 
chuck  end  of  piston,  which  is  swelled  out  for  this  purpose.  The  arrangement 
of  the  chuck  h  is  shown  at  figs.  53  and  54.  The  piston  bushing  is  slotted,  a 
round  key  h^  fits  into  the  slot  and  presses  against  the  shank  of  the  drill 
steel  h^,  and  the  whole  is  held  firm  by  a  U-shaped  bolt  h^.  It  is  easily 
managed,  while  little  time  is 
necessary  for  loosening  the  two 
nuts,  and  for  substituting  one 
steel  in  place  of  another. 

The  forward  movement  is 
given  by  the  feed  screw  t, 
which  has  a  large  square 
thread,  working  through  a  feed 
nut  t^,  and  having  a  binding 
nut  i^  in  the  cross-heads  of  the 
cradle  j,  by  turning  the  crank 
handle  k.  The  guides  of  the  cradle  are  made  square  and  of  suitable  dimen- 
sions ;  provision  is  also  made  for  enabling  any  side  play  or  slackness  arising 
from  wear  being  properly  adjusted. 

The  machine  is  fixed  on  to  the  mounting  or  tripod  by  means  of  the 
conical  spigot  Z,  which  is  cast  on  the  under  side  of  the  cradle. 

The  oiling  of  the  valves  and  piston  is  provided  for  by  an  oil  cup,  placed 
between  the  throttle  and  steam-chest,  the  lubricant,  preferably  a  heavy 
mineral  cylinder  oil,  being  thrown  into  the  working  parts  in  small  quantities 
when  necessary. 

A  small  aperture  with  thumb-screw  m  at  the  back  head  provides  for  the 
oiling  of  the  rotating  mechanism. 

From  the  preceding  observations  it  will  be  readily  understood  that  in 
a  rock  drill  the  positive  valve  motion,  variable  stroke,  and  effective  rotation 
mechanism  tend  to  give  it  efiiciency  in  working  and  to  promote  economy 
in  repairs.  The  *  IngersoU-Sergeant '  drill,  according  to  Andr6,  fulfils  in  a 
remarkable  degree  the  necessary  conditions  already  alluded  to,  and  it  may 
therefore  be  looked  upon  as  a  nearly  perfect  rock  drill.  It  is  very  compact, 
lightness  and  strength  being  a  characteristic  feature  in  its  construction. 
These  rock  drills  are  made  in  various  sizes,  according  to  the  nature  of  the 
quarry  operations  undertaken;  the  drill  with  a  cylinder  of  3^  inches  in 
diameter  is  a  very  serviceable  machine  and  can  be  easily  handled,  as  its 
weight  is  only  about  2}  cwts.;  the  tripod  weighs  1|  cwts.^  and  each  weight 
for  the  tripod,  1  cwt. 
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Bor^-holes  14  to  16  deep  caa  be  drilled  by  tbis  size  of  machine  easily. 
It  is  the  kind  used  in  many  stone  quarries,  and  by  the  County  Councils 
in  Scotland.  A  machine  for  drilling  deeper  holes  is  also  used  in  sale 
quarries,  the  cylinder  of  wbich  is  3^  iuches  in  diameter.  This  latter  machine 
weighs  260  lbs.  without  the  tripod,  and  can  easily  bore  holes  20  to  25  feet 
deep,  which  in  some  quarries  is  a  decided  advantage. 

176.  *  Himant '  Drill. — The  other  rock  drill  to  be  described  is  known  as 
Larmuth's  or  the  '  Hirnant '  drill,  a  longitudinal  section  of  which  is  shown 
in  fig.  55. 

The  leading  feature  of  this  drill  is,  that  the  valve  is  actuated  by  a 
tappet  rocking  on  a  pivot,  which  works  in  contact  with  the  piston.  The 
valve  box,  which,  in  the  earlier  type  of  this  machine,  was  made  very  long, 
has  one  of  three  arms  of  the  tappet  fitting  into  a  recess  in  the  valve  spindle 
which  carries  the  D-shaped  valves.  This  arrangement,  however,  proved 
defective,  owing  to  the  breaking  of  the  valve  spindle  by  the  sudden  shock 
which  it  was  subjected  to  when  at  actual  work. 

A  shorter  valve  box  is  now  substituted,  the  spindle  dispensed  with, 
and  a  solid  piston  valve  a  used  in  its  place,  obviating  the  defect  existing 
in  the  former  drill.  The  tappet  c  is,  however,  retained  to  ensure  cer- 
tainty of  action  and  to  lock  the  valve  in  position. 

The  piston  d  is  turned  to  fit  the  cylinder  b  exactly,  neither  piston 
rings  nor  packing  being  made  use  of.  The  wearing  of  the  piston  and 
cylinder  must  in  time  admit  of  steam  or  compressed  air  leaking  between 
them,  but  this  does  not  materially  affect  the  working  parts,  although  its 
efficiency  generally  must  necessarily  be  impaired.  India-rubber  bufiers,  n, 
are  employed  at  either  end  of  the  cylinder  to  destroy  the  momentum  of 
the  piston  in  case  of  overshooting.  When  compressed  air  is  the  motive 
power  employed  to  work  this  class  of  drill,  these  buffers  wear  quickly  by 
being  acted  upon  by  the  oil  used  in  lubricating  the  cylinder,  and  when  steam 
is  used  to  operate  it,  the  combined  action  of  these  destructive  agents  wears 
out  the  buffers  quickly,  and  necessitates  frequent  renewals. 

The  action  of  a  tappet-actuated  valve,  as  already  pointed  out,  must  to 
a  certain  extent  strike  a  cushioned  blow,  thereby  expending  a  consider- 
able amount  of  the  force  on  the  machine  itself,  instead  of  striking  the  rock 
directly.  For  the  same  reason,  in  a  tappet  drill  a  variable  stroke  can  only 
be  obtained  by  working  on  a  cushion  of  air  or  of  steam. 

The  rotary  motion  in  the  older  type  of  this  drill  was  obtained  by  means 
of  a  twisted  square  bar;  this  arrangement,  however,  not  proving  quite 
satisfactory,  a  grooved  or  spiral  bar  /  has  been  substituted.  This  works 
through  a  nut  in  the  back  head  of  the  drill,  turning  the  cutting  tool  round 
at  each  stroke,  and  is  secured  by  means  of  a  ratchet  and  pawl  g. 

The  feed  or  forward  motion  is  provided  for  by  a  long  screw,  t,  having 
a  square  thread    passing  through  nuts  i\  and  supplied  with  an  arrange- 
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meut  for  taking  up  the  wear.  The  method 
of  fixing  the  cutting  tool  or  steel  to  the 
lower  end  of  piston  was  attained  in  the 
earlier  machines  by  means  of  a  bolt  pass- 
ing through  the  chuck  in  which  the 
shank  of  the  bit  was  inserted,  and  likewise 
through  the  steel  itself,  being  tightened  by 
a  nut  as  shown  at  h  in  fig.  55.  A  new 
method  of  securing  the  drilliug-bit  is  made 
by  forming  the  shank  with  a  taper  and 
fitting  this  into  a  conical  recess  in  the 
chuck  end  of  piston,  wedge  fashion,  as 
represented  in  fig.  56.  This  arrangement, 
however,  is  not  satisfactory  when  drilling 
in  seamy  rock,  as  the  steel  works  loose  on 
being  hammered,  a  process  which  is  neces- 
sary under  these  circumstances. 

The  '  Hirnant '  drill  is  constructed  in  a 
very  solid  manner,  the  object  of  the  makers 
being  steady  and  permanent  work.  It  is 
not  a  fast  boring  machine  in  large  or  deep 
holes,  and,  generally  speaking,  requires  few 
repairs.  Very  good  work  can  be  accom- 
plished with  this  machine,  providing  the 
drill-runner  exercises  skill  and  intelligence 
so  as  to  utilize  the  full  power  of  the 
machine;  if  he  works  with  a  reduced 
stroke  on  a  cushion  of  steam  or  of  com- 
pressed air,  he  is  simply  spending  power  in 
pounding  the  drill  itself  instead  of  apply- 
ing it  against  the  rock  to  be  borod. 

The  force  of  the  blow  in  a  tappet  drill 
is  materially  checked  by  the  too  early 
admission  of  the  steam  or  compressed  air, 
which  forms  a  cushion  in  front  of  the 
piston ;  the  work  accomplished  will  there- 
fore be  small  in  proportion  to  the  power 
consumed,  although  the  piston  may  be 
travelling  at  a  great  speed. 

Greater  skill  is  required  for  operating 
a  'Hirnant'  drill  than  is  necessary  for 
working  one  on  the  *Ingersoll-Sergeant' 
principle.    There  can  be  no  question  that 
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the  results  claimed  for  the  'Hirnaut'  machine  hare  beeu  attained ,  but  the 
fact  undoubtedly  remains  that  rock  drills  which  have  a  tappet  action  strike 
a  blow  on  a  cushion  of  air  or  steam,  and,  therefore,  cannot  deliver  a  dead 
blow.  Further,  a  cylinder  of  larger  size  in  proportion  to  the  width  of  bit 
is  required  for  drilling  the  bore-hole,  or  if  it  be  of  the  same  size,  the  cutting 
capacity  must  necessarily  be  reduced.     The   'Himant'   drill, 

11        notwithstanding  the  defects  common  to  all  drills  of  the  tappet 
-       type,  has  been  largely  used  by  contractors  in  this  country  for 
I       tunnelling  and  other  public  works. 
'  177.  Oompound  Bock  Drills. — The  principle  of  expansion 

has  been  introduced  for  the  purpose  of  further  economizing  the 
7  motive  power  in  rock  drills,  but  hitherto  without  much  success. 
I  The  difficulty  has  been  the  greatly  increased  size  and  conse- 
I  queutly  heavier  machine  necessary,  which  counterbalances  the 
advantages  which  lightness  gives  for  quick  and  easy  handling. 
What  may  be  gained  in  economy  of  power  by  compounding 
is  lost  in  the  time  occupied  in  moving  the  heavier  machine 
from  one  borehole  to  another.  In  addition  to  this  the 
expanded  steam  frequently  has  insufficient  power  to  with- 
draw the  drill  steel  from  a  bore-hole,  in  seamy  rock,  without 
admitting  live  steam,  thereby  counteracting  the  benefit  derived  from 
compounding. 

178.  Tripod& — The  support  or  mounting  to  which  a  rock  drill  is 
attached'  for  the  system  of  quarrying  under  review  is  that  of  a  tripod, 
which  constitutes  a  very  important  adjunct  to  the  machine.  For  many 
reasons  it  must  be  of  light  weight  for  convenience  in  handling,  and  of 
strong  construction,  so  that  great  rigidity  may  be  attained.  A  point 
of  the  utmost  importance  is  that  it  should  admit  of  the  drill  being  readily 
adjusted  to  any  angle  so  that  the  holes  may  be  bored  in  the  direction 
and  with  the  inclination  required,  and  when  so  fixed  permits  of  the  feed 
or  forward  movement  taking  place. 

It  is  also  necessary  that  the  tripod  should  be  constructed  so  as  to  admit 
of  its  ready  adjustment  to  the  irregularities  of  the  surface  of  the  rock  met 
with  in  quarry  work.  A  drill  support  which  does  not  possess  these  dis- 
tinctive requirements  is  placed  at  a  great  disadvantage,  and  under  certain 
circumstances  may  necessitate  the  employment  of  hand-boring  to  supple- 
ment the  work  done  by  the  machine  drill.  It  is  obvious  that  a  rock  drill 
and  mounting  which  cannot  be  so  placed  as  to  accommodate  itself  to  the 
extreme  irregularities  of  rock  surfaces  is  placed  at  a  disadvantage,  and 
would  under  such  circumstances  be  restricted  in  its  operations  as  a  labour- 
saving  machine. 

A  rock  drill  may  have  a  perfect  valve  motion,  and  be  otherwise  of 
good  design,  but  may  fail  to  do  efficient  work  by  reason  of  the  defective 
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construction  of  the  tripod,  whicli  incompleteness  constitutes  in  many  cases 
a  serious  objection  to  the  adoption  of  a  rock-drilling  machine. 

The  form  of  tripod  used  in  connection  with  the  '  IngersoU-Sergeant ' 
drill  is  shown  in  fig.  57. 

The  saddle  bolt  0  which  carries  the  hip  rings  'p  and  to  which  the 
legs  are  attached  ties  the  whole  appliance  together,  and  by  loosening  it 
the  legs  of  the  tripod  can  be  thrown  into  any  position,  at  right  angles 
to  the  bolt.  The  front  legs  q  are  further  provided  with  a  bolt  r  (attached 
to  the  hip  ring),  the  loosening  of  which  enables  the  position  of  the  legs  to 
be  altered  from  that  of  a  right  angle  to  a  parallel  position  in  relation  to 


Fig.  67.— Tripod  for  'Ingereoll- 
Sergeant '  drill. 


Fio.  68.— Tripod  for  '  Hiraant ' 
drill. 


the  saddle  bolt.  The  front  legs  q  and  back  leg  v,  consisting  of  tubing,  are 
pointed  at  the  lower  end ;  they  are  made  telescopic  and  are  provided  with 
bands  and  set  screws  8,  so  that  the  legs  can  be  adjusted  to  the  irregularities 
of  the  rock  surface. 

When  the  machine  is  working  the  tripod  should  be  perfectly  rigid, 
for  which  purpose  weights  i  are  attached  and  kept  in  position  by  weight 
hangers  u  fixed  to  the  legs  at  an  angle  as  shown  in  fig.  57. 

The  arrangement  of  the  tripod  in  connection  with  the  '  Himant '  drill, 
fig.  58,  and  indeed  with  most  of  the  other  types  of  rock  drills  used,  is 
somewhat  similar  to  that  described,  but  the  front  legs  q  have  only  one 
movement,  namely,  at  right  angles  to  the  saddle  bolt  0.  In  addition  to 
this  the  use  of  slides  and  bolts  greatly  complicates  and,  at  the  same  time, 
weakens  the  tripod,  and  naturally  makes  it  non-efiicient.  By  having  an 
arrangement  similar  to  that  of  the  tripod  for  the  *  Ingersoll-Sergeant '  drill, 
and  known  as  the  universal  joint,  the  drill  can  be  so  placed  as  to  drill  holes 
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in  the  most  advantageous  position  for  blasting,  not  attainable  by  other  drills 
of  which  the  tripods  have  only  one  movement. 

The  weight  of  the  *  Himant '  drill  and  tripod  described  is  3  cwts.,  and 
the  three  weights  about  1  cwt.  each.  The  cylinder  is  3^  inches  in  diameter, 
and  can  bore  holes  10  to  12  feet  deep,  the  width  of  drill-bit  or  size  of  bore- 
hole at  commencement  being  2^  inches. 

179.  Drill-bits.— The  width  of  the  cutting  edge,  the  form  given  to  a 
diill-bit,  and  the  diameter  of  the  steel  used,  vary  according  to  the  nature 
and  character  of  the  rock  to  be  bored  and  the  capacity  of  the  drilling 
machine  employed.  A  judicious  selection  of  the  best  shape  of  bit,  suitable 
for  the  rock,  adds  considerably  to  the  success  of  the  boring  operations  with 
drills  actuated  by  steam  or  compressed  air.  The  chisel-pointed  bit  usually 
adopted  in  hand-boring  has  no  place  in  machine  drilling  when  the  rock  is 
fissured.  A  modified  form  of  this  kind  of  bit  is  shown  in  fig.  59;  it 
answers  very  well  for  sandstone  and  slate  of  a  solid  nature.  The  flattened 
or  grooved  portion  at  the  centre  of  the  bit  is  made  for  the  purpose  of 
discharging  cuttings  and  sludge. 

The  part  forming  the  centre  of  any  drilling-bit  performs  but  little  work, 
so  that  the  reducing  of  the  steel,  as  shown,  does  not  affect  its  efficiency. 
The  steels  for  the  smaller  sizes  of  rock-drills  are  generally  made  from  |ths  of 
an  inch  to  1  inch  in  diameter,  while  for  the  larger-sized  machines  the  diameter 
varies  from  1^  inch  to  If  inch.  They  are  made  from  octagonal  steel  bars ; 
the  shank,  or  part  which  fits  into  the  bush  of  the  chuck  at  the  end  of  the 
piston,  is  turned  so  as  to  fit  it  exactly,  the  top  end  being  made  of  a  hemi- 
spherical shape.  The  width  of  the  cutting  edge  is  determined  by  the  size  of 
rock  drill  used,  that  is,  by  the  diameter  of  the  cylinder,  or  in  other  words,  by 
the  force  of  the  blow  transmitted  by  the  machine  to  the  bit.  It  varies  from 
f  of  an  inch  to  3  inches  for  general  quarrying,  while  in  special  circumstances 
it  may  be  as  wide  as  6  inches.  The  proper  shape  to  be  given  to  a  drill- 
bit,  under  varying  conditions  of  work,  is  a  subject  on  which  a  considerable 
amount  of  attention  has  been  bestowed. 


Fios.  69-61.— Drill-bits. 

The  cross-bit  shown  in  fig.  60  is  a  decided  improvement  on  the  older 
form  or  chisel-pointed  bit,  and  does  very  good  work  in  solid  rock.  There 
is,  however,  a  difficulty  with  this  form  of  cutting  edge,  arising  from  tbe 
circumstance    that  when   rotated   by  means  of  the  spiral  bar  it  has  a 
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tendency  to  strike  the  same  place  four  times  in  each  rotation.  This 
unavoidable  pounding  of  the  drill-bit  on  the  same  spot,  especially  when 
it  is  penetrating  the  rock  quickly,  has  a  tendency  to  bury  the  bit  in  the 
same  groove,  with  the  result  that  the  succeeding  blows  will  cause  the  bor&v 
hole  to  be  '  rifled,'  or  of  an  irregular  shape. 

The  drill-bit  made  in  the  form  of  an  X,  fig.  61,  is  now  almost  universally 
adopted  with  percussive  rock  drills,  as  from  the  shape  of  the  cutting  edge 
the  chance  of  striking  the  same  place  is  reduced  by  one-half ;  consequently 
there  is  less  risk  of  the  hole  becoming  rifled.  Attempts  to  bore  a 
round  hole  with  the  cross-bit  have  often  failed,  while  the  X-bit  has 
performed  the  work  satisfactorily  in  this  respect.  The  drill-bit  in  cutting 
its  way  through  seamy  rock  has  a  tendency  to  run  out  of  line,  or  to  follow 
the  fissured  parts,  which  may  be  at  a  considerable  angle  to  the  direction  of 
the  bore-hole.  This  causes  great  trouble,  and  may  necessitate  the  work  of 
drilling  the  hole  being  abandoned  before  the  intended  depth  has  been 
reached.  It  also  entails  a  considerable  loss  of  time  in  shifting  the  machine, 
and,  if  the  abandoned  bore-hole  is  not  very  deep,  an  additional  one  may  be 
required  to  successfully  carry  out  the  blasting  of  the  rock.  It  will  be 
evident  that  under  such  circumstances  the  working  expense  in  drilling  on  a 
certain  piece  of  rock  may  be  greatly  increased  from  the  cause  mentioned. 
To  obviate  this,  the  drill-bits  should  be  formed  with  shoulders  or  wings 
extending  back  to  about  6  or  8  inches  from  the  cut- 
ting edge,  and  only  of  a  slightly  reduced  diameter  at 
the  rear  end  of  the  wings,  so  as  to  ensure  free  working. 
As  the  cutting  edge  wears  in  proportion  to  the 
amount  of  work  done,  it  is  advisable  to  have  wings 
of  the  length  mentioned. 

The  purpose  of  these  wings  will  be  more  clearly 
understood  by  referring  to  fig.  62.  The  cutting  edge 
of  the  drill-bit,  in  penetrating  the  seams  running 
diagonally  across  the  hole,  will,  if  not  prevented, 
follow  the  line  or  vein  a  b.  This  is  obviated  by  the 
wings  being  in  contact  with  and  guided  by  the  sides 
of  the  bore-hole  a  c  and  h  c,  which  check  the  tendency  of  the  cutting  edge 
of  the  bit  to  follow  the  slanting  direction  of  the  seamy  or  fissured  portion 
of  the  rock  a  h,  \ 

180.  Tempering  Drill-bits. — The  hardening  and  tempering  of  the  drill- 
bits  is  a  matter  requiring  careful  study  and  observation  on  the  part  of  the 
quarry  smith.  In  hardening  drill-bits,  it  is  desirable  to  combine  as  far  as 
possible  the  properties  of  hardness  and  toughness. 

Hardness  is  produced  by  immersing  in  water  a  part  of  the  bit,  the  steel 
of  which  should  be  of  the  best  material,  after  it  is  heated  to  a  certain 
temperature  3  this  is  the  cooling  medium  employed,  while  toughness  may  be 
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increased  by  immersing  the  bit  in  oil,  which  process  should  be  occasionally 
carried  oat  to  prevent  the  steel  becoming  too  brittle.  The  drill-bits  are 
first  dressed  to  the  proper  form  and  gauge  by  means  of  special  blacksmith's 
tools,  viz.,  a  dolly,  sow,  spreader,  flatter,  and  swage.  The  quarry  smith 
does  not  like  to  dress  an  X-bit,  as  that  involves  considerable  trouble 
and  manipulation;  this  difficulty  may,  however,  be  easily  overcome  by 
using  two  dollies.  The  drill-bit,  when  intended  to  be  made  in  the  form  of 
an  X,  should  be  dressed  first  as  a  cross-bit ;  the  requisite  shape  can  then  be 
obtained  by  spreading  the  wings  with  a  hammer,  and  finishing  it  in  the  X 
dolly  immediately  before  commencing  the  hardening  process.  The  hardening 
of  the  cutting  edge  is  proceeded  with  by  heating  the  end  of  the  steel  to 
cherry  redness,  and  then  dipping  it  in  cold  water  to  a  depth  of  about  an 
inch,  moving  the  bit  at  the  same  time  slightly  up  and  down  to  avoid  the 
hardness  terminating  abruptly.  When  the  requisite  degree  of  hardness  has 
been  attained  the  steel  is  immersed  in  water  until  the  heat  is  reduced 
sufficiently  for  tempering.  The  steel  is  then  withdrawn  and  the  colours 
.carefully  watched  for,  until  that  of  a  pale  straw  appears,  which  is  the  one 
most  suitable  for  percussive  rock  drill-bits. 

The  temperature  increases  at  the  point,  owing  to  the  heat  which  is  left  in 
the  stock  passing  down,  the  colours  appearing  in  regular  succession  on  the 
bright  or  filed  surface  of  the  bit.  When  the  straw  colour  appears,  which 
can  bo  only  properly  observed  in  a  dark  place  in  the  smithy,  the  steel  is 
plunged  into  water  and  left  there  till  cold,  when  the  process  of  tempering 
is  completed. 

181.  Motive  Power. — The  compressed  air  or  steam  is  conveyed  to  the 
drilling  machine  by  small  iron  pipes  or  gas  tubing.  When  there  is  more 
than  one  drill  at  work,  "f  branches  are  placed  on  the  line  of  main  pipe 
at  suitable  intervals,  and  laid  to  within  a  short  distance  of  the  drilling 
machines.  The  connection  is  completed  by  using  a  suitable  length  of 
seamless  hose,  preferably  5-pl7,  which  will  withstand  the  pressure  of  steam 
or  compressed  air ;  the  exterior  should  be  protected  by  being  marline-wound, 
and  each  end  should  be  provided  with  proper  couplings  for  attachment  to 
the  piping  and  the  drill.  When  it  is  necessary  to  connect  two  lengths  of 
iron  pipes  for  conveying  the  motive  power  which  do  not  lie  in  the  same 
straight  line,  a  flexible  ball-and-socket  joint  is  employed,  admitting  of  a 
movement  of  about  45  degrees  in  any  direction. 

By  the  use  of  one  or  more  of  these  flexible  joints  on  a  line  of  piping 
many  delays  in  changing  pipes  are  avoided  while  they  remain,  especially 
Moran's  patent  joint,  perfectly  air  and  steam  tight  after  many  years* 
service. 

182.  Oomparative  TrialB  of  Bock  Drills.— Comparative  trials  of  power 
rock  drills  have  been  carried  out  from  time  to  time,  but  it  must  be  confessed 
the  results  have  been  of  little  practical  value.     At  the  exhibition  of  Mining 
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and  Metallurgy,  held  in  the  Crystal  Palace,  Sydenham,  in  1890,  a  trial  was 
carried  out  with  power  rock  drills  actuated  with  compressed  air  supplied 
at  a  pressure  of  about  60  lbs.  per  square  inch,  one  of  the  conditions 
enforced  being  that  the  diameter  of  the  bore-hole  should  be  equal  to  half  the 
diameter  of  the  cylinder  of  the  drilling  machine.  The  blocks  of  stone 
operated  on  were  faced  so  as  to  give  each  machine  an  equal  opportunity  in 
starting  the  bore-hole,  two  minutes  being  the  time  allowed  to  test  the 
boring  capacity  of  the  drill.  So  limited  a  period  of  time  for  such  a  trial,  be 
it  observed,  does  not  admit  of  any  practical  comparison  being  made  between 
different  types  of  rock-drilling  machines.  For  instance,  the  drill-bit  might 
not  be  properly  hardened  and  tempered  for  the  rock  being  operated  on,  and 
consequently  the  capacity  of  the  machine  would  be  determined  by  the 
suitability  or  otherwise  of  the  condition  of  the  cutting  edge.  As  a  rule  the 
drill  is  applied  in  actual  practice  to  a  sloping,  not  a  dressed  face  of  rock,  so 
that  a  drilling  machine  having  a  variable  stroke  could  not  show  its  efficiency 
to  the  same  extent  in  the  latter  case  as  in  the  former.  Hock  drills  were  tried 
in  Cornwall  under  the  conditions  given  in  the  foregoing  paragraphs,  as  long 
ago  as  1867,  and  in  an  open  quarry  face  ten  years  later. 

The  relative  merit  of  a  rock  drill  must  of  necessity  be  that  of  actual 
work  accomplished,  whether  in  a  mine,  heading,  or  open  quarry  work,  and 
the  capacity  or  cutting  power  and  general  handiness  of  the  machine  can  only 
be  determined  by  an  every-day  experience  extending  over  a  considerable 
period  of  time,  and  under  the  varying  conditions  which  present  themselves 
in  quarryiug  operations. 

183.  Position  of  the  Bore-hole. — The  selection  of  the  best  position  for 
bore-holes  is  a  very  important  factor  in  quarry  work,  as  the  useful  effect 
or  result  of  the  blasting  operations  depends  on  judicious  choice  in  the 
location  of  a  series  of  them.  To  determine  the  position  of  each  bore-hole 
properly,  it  is  necessary  to  consider  what  effect  the  action  of  an  explosive 
will  have  in  relation  to  the  bore-hole  and  the  bounding  faces,  and  also  to 
have  a  previous  knowledge  of  the  probable  direction  of  the  natural  backs 
or  fissures  in  the  rock.  The  most  favourable  condition  for  blasting  is  when 
th6  rock  presents  an  unsupported  face  on  every  side,  but  in  ordinary  quarry 
work  this  condition  does  not  obtain,  the  wall  or  face  of  the  rock  being 
vertical  or  nearly  so ;  only  two  free  faces  exist,  namely,  the  top  and  breast 
of  the  rock.  Under  these  conditions  the  bore-holes  should  be  placed  as 
nearly  parallel  to  the  longest  free  side  as  possible.  The  effects  of  disrup- 
tion by  blasting  may  be  gathered  from  the  line  of  fracture  as  shown  in 
fig.  63,  in  which  d,  a,/  represents  the  top  of  the  rock,  and  de  the  face, 
while  the  bore-hole  is  shown  at  a  &  and  the  explosive  at  CyW  being  the 
distance  from  the  charge  to  the  face  of  the  rock  or  the  line  of  resistance. 
The  effect  of  the  charge  c  when  exploded,  provided  it  be  strong  enough, 
is  such  that  the  lines  of   rupture  will  follow  the  bore-hole  ab  and  the 
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portion  w  c,  while  the  dotted  line  /,  b,  e  represents  the  probable  crater.  The 
distance  w,  or  line  of  resistance,  should  not  be  more  than  three-fourths  of  the 
depth  of  the  bore-hole,  so  that  when  charged  the  lines  of  least  resistance  from 
the  centre  of  the  charge  c,  ac^  and  w  c  may  be  approximately  equal. 

Fig.  64  represents  the  plan  of  the  top  bench  of  a  quarry ;  the  face  of  the 
rock  is  shown  at  b  d,  and  the  bore-hole  at  a.  The  result  of  the  blasting 
will  depend  upon  the  angle  made  by  the  lines  of  rupture  ab  and  ac, 
which  must  necessarily  be  less  thau  180°,  and  may  indeed  be  a  very  small 
angle. 

This  would  be  the  result  if  the  shot-hole  was  fired  singly,  but  experi- 
ence shows  that  by  firing  several  charges  simultaneously,  a  greater  useful 
effect  is  obtained.  For  example,  consider  another  bore-hole  the  position 
of  which  is  parallel  to  the  rock   face  and  placed  at  a';  the  lines  of  rup- 
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Fig.  63. 


Fig.  61. 


ture,  taking  them  if  fired  singly,  would  follow  the  dotted  lines  b^  a,  c  and 
c,  a',  dy  whereas,  if  fired  simultaneously,  the  mass  of  rock  which  would 
be  dislodged  is  represented  by  the  letters  &,  a,  e,  a\  d.  The  distance 
between  the  points  a  and  a'  should  not  exceed  the  depth  of  the  bore- 
holes, the  best  results  being  obtained  when  the  distance  between  them  is 
made  equal  to  the  line  of  least  resistance  to,  in  fig.  63.  It  will  be  seen 
that  the  useful  effect  is  greatest  when  the  disruption  takes  place  at  an 
angle  of  180°,  that  is,  when  the  lines  of  rupture  run  in  opposite  directions, 
showing  the  decided  advantage  which  may  be  obtained  by  firing  several 
shot-holes  simultaneously.  In  firing  single  shot-holes,  the  useful  effect 
diminishes  as  the  angle  made  by  the  lines  of  rupture  becomes  less. 

Briefly,  these  are  the  conditions  necessary  to  be  observed  for  the  advan- 
tageous placing  of  bore-holes.  As  a  mass  of  rock,  however,  is  seldom  homo- 
geneous in  composition  or  uniform  in  texture,  a  careful  examination  of  the 
quarry  is  essential,  so  that  the  position  and  direction  of  the  bore-holes 'shall 
be  determined  in  accordance  with  these  varying  conditions,  in  order  to  pro- 
duce a  maximum  effect  with  a  given  quantity  of  explosive. 
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Machine  bore-holes  may  be  drilled  either  in  a  vertical,  inclined,  or 
horizontal  position. 

The  vertical  position  is  the  most  convenient  for  quick  handling  and  drilling, 
while  in  blasting,  the  explosive  effect  is  wholly  expended  in  shattering  and 
dislodging  the  rock,  none  of  it  being  required  for  lifting  it  The  face  of  a 
quarry,  therefore,  when  of  considerable  depth,  should  be  formed  in  benches, 
the  level  portions  being  from  12  to  15  feet  wide.  The  depth  of  face  may  be 
varied  according  to  the  drilling  capacity  of  the  machine  employed,  the 
usual  depth  being  from  14  to  20  feet,  as  shown  in  fig.  65 ;  the  dotted  lines 
show  the  assumed  line  of  the  face  as  the  quarrying  operations  are  extended. 

Horizontal,  bottom,  or  breast  bore-holes  can  be  made  with  a  modem  rock 
drill.     In  many  cases  all  these  kinds  of  holes  may  be  required  in  order  to 
allow  of  the  maximum  quantity  of  rock  being  dislodged  by  one  operation  in 
blasting,  and  also  of  the  bottom 
of  the  quarry  being  taken  out  in 
as  uniform  a  manner  as  possible. 
In  a  quarry  having  a  vertical  face 
of  from  20  to  22  feet,  and  operat- 
ing with  a  drill  capable  of  putting 
down    14-feet    bore-holes,  it    be- 
comes necessary  to  place  horizontal 
holes  at  the  fioor  level  of  quarry, 
so  as  to  ensure  the  dislodgment 
of  that  portion  of  rock  which  is 
left  beyond  the  crater  formed  by  ^^^^  ^5 

the  blasting  of  the  14-feet  vertical 

bore-hole.  Vertical  shot-holes  require  a  smaller  charge  of  explosive  to  dis- 
lodge a  given  quantity  of  rock,  compared  with  that  produced  from  a 
horizontal  or  breast  hole,  the  reasons  for  which  will  be  explained  when 
dealing  with  the  subject  of  blasting  the  shot-holes. 

From  the  foregoing  observations  the  position  and  direction  of  the  bore- 
holes calculated  to  give  the  greatest  useful  effect  in  the  blasting  of  the  rock 
may  be  determined. 

184.  Previous  to  commencing  drilling  operations  it  is  necessary  to  strip 
or  lay  bare  such  a  surface-width  of  the  rock  as  will  remove  ail  the  tirr  likely 
to  interfere  with  the  actual  quarrying  operations.  The  area  to  be  stripped 
will  depend  on  the  quantity  of  material  required,  and  on  the  height  of  the 
rock  face.  It  may  be  determined  by  calculating  the  contents  of  the  rock  in 
the  solid,  allowing  13  cubic  feet  for  each  ton  of  material.  In  general,  the 
stripping  may  be  done  as  occasion  requires,  whether  the  quarries  are  worked 
constantly  or  interruptedly.  The  expenditure  incurred  in  performing  this 
work  should  be  charged  against  the  total  quantity  of  rock  removed  from  the 
area  cleared.     The  cost  of  tirring  or  stripping  per  ton  of  rock  obtained  will 


136  ROAD,  MAKING  AND  MAINTENANCE. 

depend  ou  the  depth  removed  compared  with  that  of  the  rock  face,  on  the 
method  adopted  in  removing  the  soil,  and  on  the  distance  to  which  it  has  to 
be  conveyed  for  disposal. 

185.  Examples  of  Quarrying  taken  from  Actual  Practice.— In  the 
following  example  taken  from  actual  practice  the  quantity  of  material 
required  was  1500  tons,  the  depth  of  rock  face  being  20  feet ;  it  was  desired 
to  determine  what  width  would  be  required  when  the  length  of  face  is 
known.  In  fig.  66  the  positions  of  the  bore-holes  are  shown,  Nos.  1  to  9 
inclusive  being  vertical,  and  10  to  14  horizontal  or  bottom  holes,  the  length 
of  face  being  40  feet.  These  bore-holes  were  all  drilled  to  a  depth  of  14  feet, 
and  placed  at  an  average  distance  apart  of  11  feet,  the  measurement 
from  the  face  of  the  rock  to  the  first  line  of  bore-holes  being  the  same. 
The  bore-holes  in  the  second  line  were  placed  9  feet  further  back  and 
parallel  with  those  in  front.      The  distance  from  the  face  for  stripping 


Fio.  66.  Fig.  67. 

purposes  is  determined  in  the  following  manner  :  the  total  quantity  of  rock 
required  is  divided  by  the  length  of  face  multiplied  by  the  depth  of  the 
rock,  which  in  this  case  is  about  20  feet.  An  allowance,  however,  must  be 
made  for  the  line  of  rupture  extending  beyond  the  position  of  the  bore-holes, 
as  the  necessity  of  clearing  the  soil  well  back  from  this  point  to  avoid  its 
falling  on  to  the  quarried  material  is  obvious ;  it  is  therefore  advisable  to 
make  the  width  greater  than  the  calculated  figure  by  6  or  8  feet.  Fig.  67  is 
a  cross-section  of  the  quarry  face,  showing  the  position  of  the  vertical  and 
horizontal  bore-holes ;  the  actual  line  of  rupture,  or  crater  form,  of  the  mass 
dislodged  is  shown  by  the  line  a,  b,  and  c. 

Fig.  68  is  another  example  representing  road-stone  quarry  No.  1 ,  where  the 
depth  of  the  rock  varied  from  27  to  40  feet.  In  this  case  it  was  imperative 
to  blast  the  total  quantity  required  (4000  tons)  at  one  operation,  so  that  a 
system  of  bottom  and  breast  bore-holes  in  conjunction  with  the  vertical  ones 
became  necessary,  whereas  under  ordinary  circumstances  it  would  have  been 
worked  in  benches  from  the  top  of  the  rock  surface  downwards.  It  is  usual 
to  mark  off  roughly  the  area  of  the  rock  surface  which  must  be  operated 
upon  to  produce  the  quantity  of  rock  required  for  a  given  length  and 
depth  of  face.     It  will  be  observed  that  many  of  thd  breast  and  bottom 
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holes  are  shown  at  a  coosiderable  angle  to  the  geneial  line  of  the  quarry 
face ;  this  was  necessary,  owing  to  the  position  and  varying  direction  of  the 
veins  and  fissures  running  through  the  rock  mass. 

The  bottom  holes  are  indicated  by  the  numbers  1  to  13  inclusive;  the  breast- 
holes,  at  an  average  of  from  7  to  10  feet  high  above  the  floor  level  of  the  quarry, 


FiQ.  68.— Road-stone  quarry  No.  1. 

are  numbered  from  14  to  22  inclusive,  and  the  top  or  vertical  holes,  23  to  42. 
Fig.  69  represents  a  cross-section  at  A  A  on  plan^  and  shows  the  method  adopted 
in  arranging  the  position  of  the  bore-holes.  They  were  aU  put  in  1 4  feet  deep 
and  charged  with  dy  nam  ite ;  the  total  quantity 
of  material  actually  quarried  and  passed  over 
the  steelyard  amounted  to  4158  tons. 

There  is  no  universal  rule  for  placing 
bore-holes.  The  best  plan  is  to  study  the 
conditions  already  mentioned,  carefully 
note  the  position,  depth,  and  direction  of 
the  bore-holes  relatively  to  each  other, 
and  the  results  obtained  from  previous 
blasting  operations.  The  number  of  bore- 
holes required  will  depend  on  the  tenacity  of  the  rock,  on  the  development 
of  the  joint  planes,  and,  in  some  measure,  on  the  lines  of  fracture  started  by 
the  preceding  blast.  With  electrical  firing,  bore-holes  can  be  placed  further 
apart,  consequently  fewer  are  required  to  effect  similar  results. 

186.  In  quarrying  for  '  dimension  stones,'  such  as  those  used  for  kerbs, 
channels,  and  setts,  the  system  of  drilling  few  holes  is  usually  adopted,  but 
these  are^  made  deep  and  of  large  diameter,  the  object  being  to  apply  the 
blasting  agent  so  that  it  will  simply  push  the  mass  of  rock  outwards  and 
yield  the  largest  blocks  possible.  In  obtaining  materials  for  macadamiz- 
ing purposes,  however,  it  is  of  primary  importance  to  reduce  the  mass  of 
rock  to  a  suitable  size  for  handling ;  and  therefore  a  large  number  of  bore- 
holes are  drilled,  while  the  explosive  used  should  be  specially  adapted  for 
the  end  in  view,  which  will  be  noticed  under  blasting. 


Fig.  69. — OrosB-section  of  road- 
stone  quarry  No.  1  at  A  A. 
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187.  Boring  the  Shot-holes. — ^The  position  and  direction  in  which  a 
bore-hole  is  intended  to  be  drilled  having  been  determint$d,  the  tripod  is  so 
placed  that  when  the  drill  proper  is  attached  and  fixed  to  the  saddle  the 
chuck  end  of  the  piston  carrying  the  cuttiug  tool  will  coincide  exactly  with 
the  spot  selected  for  the  bore-hole.  In  drilling  vertical,  and  even  at  times 
bottom  bore-holes,  it  is  a  common  occurrence  to  encounter  loose  rock,  which 
should  be  cleared  away  previous  to  fixing  the  position  of  the  machine.  The 
setting  of  the  tripod  for  vertical  holes  is  commenced  by  placing  it  in  an 
approximate  position  with  the  saddle  at  a  fixed  height  or  distance  from  the 
rock.  The  irregular  or  rough  nature  of  the  surface  may  necessitate  placing 
the  legs  of  the  tripod  at  different  angles  and  of  varying  lengths.  This  is 
readily  accomplished  by  means  of  the  saddle  bolt,  front  leg  bolt,  and  the 
telescopic  pointers  fixed  by  bands  and  screws.  A  small  hole  is  made  in  the 
rock  at  three  points  with  a  chisel  or  quarry  pick  for  the  pointers  of  the  tripod 
to  sit  in.  The  jaw  of  the  saddle  at  the  apex  of  the  tripod  is  loosened,  and 
the  conical  spigot  attached  to  the  cradle  of  the  drill  is  then  placed  upon  it, 
and  properly  secured. 

The  position  and  direction  of  the  bore-hole  are  then  definitely  fixed,  all 
the  bolts  of  the  tripod  being  tightened,  and  the  weights  placed  on  the  legs 
by  means  of  the  hangers  or  clips,  which  keep  the  drill  perfectly  rigid  when 
working.     Fig.  70  shows  the  machine  drilling  a  vertical  hole. 

In  drilling  bottom  or  breast-holes  the  tripod  legs  are  placed  so  that  they 
are  in  a  flat  position,  the  under  part  of  saddle  resting  on  a  block  of  wood. 
The  pointers  of  the  two  front  legs  are  placed  against  the  rock  face,  while  the 
other,  or  back  leg,  is  placed  directly  behind  the  line  of  the  bore-hole  to  be 
drilled,  and  is  prevented  from  receding,  by  reason  of  the  action  of  the  drill, 
by  wedges  or  by  a  heavy  block  of  stone. 

The  weights  are  fixed  on  all  the  legs  in  a  manner  similar  to  that  adopted 
in  drilling  a  vertical  bore-hole. 

Fig.  71  shows  the  machine  drilling  a  horizontal  or  breast-hole. 

The  first  length  of  steel  is  then  placed  in  the  recess  or  chuck  end  of  the 
piston,  and  properly  tightened  by  means  of  the  U-bolt  and  nuts.  This 
operation  has  to  be  performed  as  each  succeeding  length  of  steel  is  required. 

The  connection  between  the  pipes  conveying  the  motive  power,  whether 
steam  or  compressed  air,  is  made  by  a  suitable  length  of  heavy  hose  marline 
wound  for  the  former,  and  wire  armoured  when  compressed  air  is  used. 
Before  attaching  the  hose  to  the  drill  it  is  advisable  to  turn  on  the  steam  or 
air  temporarily,  and  clear  out  any  foreign  matter  which  may  have  by 
accident  gained  access  into  the  feed  pipes  or  connections,  thereby  minimizing 
any  chance  of  injuring  the  working  of  the  valv&  In  commencing  the  drill- 
ing of  a  bore-hole,  whether  the  rock  is  at  right  angles  or  in  a  slanting 
direction  to  the  axis  of  the  drill-bit,  it  is  advisable  to  go  slow  at  first ;  this 
is  accomplished  by  feeding  the  machine  with  the  cutting  tool  up  to  within 


Fig.  70.— Macliine  drilling  vertical  bore-hole. 
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an  inch  of  the  surface  of  the  rock  by  means  of  the  feed  screw.  As  the  rock 
is  penetrated  the  stroke  is  lengthened,  and  the  force  of  the  blow  increased 
so  as  to  attain  the  full  drilling  capacity  of  the  machine;  the  length  of 
stroke  varies  in  different  rock  drills,  that  of  the  '  Ingersoli-Sergeant '  being 
from  6  to  7  inches. 

In  tappet-actuated  valves  the  stroke  may  be  shortened  to  about  4  inches 
by  working  on  a  cushion  of  steam  or  compressed  air  in  the  cylinder,  the 
full  stroke  of  the  drill,  the  valve  of  which  is  operated  by  this  means,  being 
7  inches.  The  variable  stroke  alone  constitutes  a  very  great  advantage,  and 
a  rock  drill  possessing  this  property  will  start  a  bore-hole  in  half  the  time 
required  by  one  working  on  a  longer  stroke.  Again,  a  perfectly  straight 
bore-hole  is  also  easily  made  with  a  machine  having  a  variable  stroke. 
Another  advantage  possessed  by  a  rock  drill  with  a  variable  stroke  is  that 
the  stroke  can  be  shortened  should  a  bit  become  accidentally  fixed.  Many 
of  the  diff'erent  types  of  rock  drills  work  at  a  pressure  of  40  lbs.  to  the 
square  inch,  but  the  '  IngersoU-Sergeant '  drill,  when  working  at  a  pressure 
of  from  70  to  80  lbs.  per  square  inch,  will  perform  a  greater  amount  of 
boring  in  proportion  to  the  difference  of  the  pressure  stated.  The  oiling  of 
the  valves  and  piston  is  effected  after  the  drill  has  been  at  work  some  little 
time,  and  when  the  condensed  steam  is  got  rid  of,  the  oil  being  applied  in 
small  quantities  at  frequent  intervals.  The  piston  should  be  kept  thoroughly 
lubricated,  in  order  that  the  friction  in  the  stuffing-box  may  be  reduced  to 
a  minimum. 

The  feed  or  forward  movement  is  regulated  by  the  feed  screw,  and 
depends  on  the  rapidity  with  which  the  cutting  edge  of  the  bit  penetrates 
the  rock. 

It  is  essential  to  expeditious  boring  that  the  drill-bit,  except  in  starting 
a  bore-hole,  should  be  fed  just  fast  enough  to  give  the  piston  its  full  stroke. 
When  fed  too  slowly  it  will  strike  the  front  head,  and  if  too  fast,  the  useful 
effect  of  the  cutting  tool  is  reduced,  and  the  power  expended  on  the  machine 
itself  instead  of  on  the  rock.  The  depth  to  which  a  bore-hole  should  be 
drilled  will  depend  greatly  on  the  size  of  the  rock  drill  employed  and 
the  class  of  work  undertaken.  For  holes  20  feet  deep,  experience  shows 
that  the  best  results  are  obtained  with  a  machine  having  a  cylinder  3^ 
inches  in  diameter.  The  hole  is  commenced  with  a  drill-bit  having  a 
cutting  edge  3  inches  wide,  and  is  finished  at  the  depth  stated  with  a 
IJ  inch  bit. 

For  general  handiness,  where  manual  labour  only  is  available  for  handling 
the  machine,  weight  being  an  influencing  factor  for  expeditious  work,  a  drill 
having  a  cylinder  diameter  of  3^  inches,  and  capable  of  boring  holes  to  a 
depth  of  14  or  16  feet,  is  to  be  recommended.  With  this  size  of  machine  a 
bore-hole  is  commenced  with  a  diameter  of  2^  inches,  and  finished  at  the 
depth  of  14  feet  with  a  drill-bit  If  inches  across.     This  depth  and  diameter 
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of  bore-hole  admits  of  a  large  mass  of  rock  being  easily  dislodged  by  means 
of  high-grade  explosives  and  electric  blasting. ' 

The  feed  or  forward  movement  of  this  class  of  drill  is  24  inches,  con- 
sequently with  each  succeeding  length  of  steel  there  is  an  advance  of  two 
feet  until  the  desired  depth  is  reached.  The  condition  which  the  cutting 
edge  of  the  drill-bits  will  present  after  boring  2  feet  will  depend  on  the  hard- 
ness of  the  rock,  and  on  the  care  exercised  in  hardening  and  tempering  them. 
In  average  whinstone,  and  even  in  granite,  a  drill-bit  if  properly  dressed  and 
tempered  may  be  used  a  second  time,  and  in  many  instances  one  drill-bit 
has  been  used  in  boring  6  feet, — that  is,  made  use  of  three  times  before  being 
returned  to  the  smithy  to  be  re-sharpened. 

It  is  a  remarkable  fact  that  the  wear  of  the  cutting  edge  of  a 
machine  drill-bit  working  in  hard  rock  will,  for  a  given  amount  of  boring, 
be  only  y  or  ^  that  of  a  hand-boring  bit.  Keeping  the  bore-hole  clear 
of  the  chippings  is  a  matter  requiring  some  attention,  the  actual 
amount  of  boring  being  increased  at  least  30  per  cent  by  using  water 
in  the  bore-hole ;  this  also  serves  the  purpose  of  converting  the  dust  into 
sludge,  which  can  be  readily  removed  by  the  *  scraper.'  A  much  better  and 
at  the  same  time  quicker  appliance  for  removing  the  sludge,  is  the 
small  pump  shown  in  fig.  72,  having  a  ball  or  catch  valve  working  at  the 
bottom  end  of  the  pump,  which  allows  the  liquid  to  be  forced  up  the  tube 


Fig.  72.— Bore-hole  pump. 

to  a  certain  point,  on  the  return  of  which  the  valve  falls  and  retains 
the  c(»uteuts,  which  are  then  removed  from  the  bore-hole.  A  piece  of  ^-inch 
iron  rod  is  attached  to  the  pump  and  forms  the  handle ;  it  should  be  of 
sufiBcient  length  to  easily  reach  the  bottom  of  the  deepest  bore-hole. 
The  pumping  is  performed  at  each  change  of  bit ;  it  is  necessary  at  times, 
however,  to  remove  the  steel  and  clean  out  the  bore-hole  before  the 
drill-bit  has  penetrated  the  rock  to  its  full  length ;  but.  as  this  involves 
an  unnecessary  loss  of  time,  such  delay  should  be  avoided  by  keeping 
up  a  good  supply  of  water.  When  the  debris  formed  by  drilling  is  of  a 
viscous  nature  and  adheres  to  the  steels,  it  may  be  advisable  to  direct  a  jet 
of  steam  through  a  small  piece  of  piping  inserted  into  the  bore-hole  and 
attached  to  the  steam  hose ;  this  will  effectually  clean  out  the  sludge  when 
other  means  fail. 

When  the  steel  sticks  in  boring  through  seamy  rock  it  may  be  relieved 
by  striking  it  with  a  light  hammer ;  but  care  must  be  exercised  to  deliver 
the  blow  on  the  stock  of  the  drilling-bit,  and  not  on  the  piston  or  chuck.  If 
the  rotating  mechanism  fails  to  operate  after  the  drill-bit  strikes  a  blow,  the 
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cause  will  invariably  be  a  want  of  pressure  on  the  washer  at  the  back  head 
of  the  machine.  This  can  be  quickly  remedied  by  tightening  the  uuts  of 
the  side  bolts,  which  will  cause  the  back  head  springs  to  press  firmly  on 
the  cap. 

188.  Work  done  by  a  Bock  Drill. — The  amount  of  work  which  can  be 
accomplished  by  a  rock  drill  in  one  day  or  in  any  given  time,  depends  on 
the  capacity  of  the  machine  itself,  the  nature  of  the  rock  to  be  bored,  the 
manner  in  which  the  drill-bits  are  formed  and  tempered,  and  the  size  or 
diameter  of  the  hole  drilled. 

In  hard  solid  whinstone,  two  feet  may  be  penetrated  in  five  minutes  with  a 
drill-bit  having  a  cutting  edge  2^  inches  across.  As  each  drill-bit  has, 
however,  to  be  replaced  by  a  longer  one  for  every  two  feet  drilled,  and  the 
bore-hole  also  requires  to  be  cleaned  by  pumping,  some  time  must  be  allowed 
for  this,  say  from  three  to  four  minutes  for  the  combined  operation.  Starting 
with  a  drill-bit  2^  inches  in  diameter,  a  depth  of  12  feet  can  usually  be 
accomplished  in  an  hour,  including  the  time  required  for  changing  the  bits 
and  pumping  out  the  bore-hole. 

As  the  machine  has  to  be  changed  from  one  point  in  the  quarry  to 
another  as  the  boring  proceeds,  the  actual  time  occupied  in  drilling  is  even 
less  than  this,  especially  when  shallow  bore-holes  only  are  resorted  to. 

The  actual  work  done  in  a  day  of  nine  hours  will  depend  on  the 
number  of  times  the  machine  is  changed  from  one  point  to  another,  and  on 
whether  the  nature  of  the  rock  is  solid  or  seamy.  The  time  occupied  in 
changing  the  machine  and  starting  another  bore-hole  will  depend  to  a  certain 
extent  on  the  distance  to  which  the  drill  may  have  to  be  taken,  and  on  the 
irregular  nature  of  the  rock  surface.  It  is  also  contingent  on  the  aptitude 
of  the  drill  operator.    The  average  time  required  is  from  10  to  15  minutes. 

It  is  obvious  that  when  the  machine  has  to  be  removed  often  during  a 
day's  work,  the  time  so  occupied  will  bear  a  considerable  proportion  to  the 
time  actually  expended  in  drillin.q. 

Taking  all  these  circumstances  into  consideration,  it  will  be  evident  that 
no  criterion  as  to  the  capacity  of  a  rock  drill  can  be  formed  by  simply 
putting  it  to  work  on  a  block  of  stone  for  a  few  minutes.  A  complicated 
machine  might  do  good  work  in  a  short  space  of  time,  and  yet  be  entirely 
useless  for  practical  work.  All  those  who  are  interested  in  quarrying  opera- 
tions should  consider  this  matter  carefully,  and  adopt  those  machines  only 
that  are  made  on  proper  principles,  and  are  capable  of  withstanding  the  usage 
of  actual  work. 

The  actual  amount  of  boring  which  can  be  performed  in  a  given  time  either 
for  comparison,  or  in  order  to  determine  the  cost  per  lineal  foot  of  hole  drilled, 
can  be  arrived  at  only  by  averaging  the  day's  work  over  a  considerable  period 
of  time.  In  solid  rock  the  author  has,  with  an  '  Ingersoll-Sergeant '  drill, 
bored  70  feet  of  vertical  holes  in  one  day  of  ten  hours ;  this  is,  however,  too 
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great  an  amount  of  work  for  every-day  practice,  as  in  boring  through  fissured 
rock,  the  actual  performance  may  only  amount  to  35  feet,  and  even  less  in 
extreme  cases. 

The  experience  gained  in  working  this  particular  type  of  rock  drill  for 
a  number  of  years,  taking  all  classes  of  rock  into  consideration,  and  work- 
ing under  varying  conditions,  shows  that  the  amount  of  boring  which  can  be 
accomplished  averages  42  feet  per  day  of  nine  hours,  each  hole  being  of  an 
average  depth  of  from  10  to  14  feet,  the  cutting  edge  of  bit  used  being 
2^  inches  across  the  mouth,  and  finishing  at  the  bottom  of  a  14-feet  bore- 
hole at  If  inches,  or  an  average  diameter  of  2^  inches.  In  calculating  the 
amount  of  work  done,  either  by  hand  or  by  machine  drills,  it  is  advisable  to 
follow  some  standard  in  determining  the  amount  of  drilling  performed,  so 
that  a  comparison  may  be  made  of  the  relative  merits  and  drilling  capacity 
of  manual  labour,  and  of  the  different  types  of  rock-drilling  machines  in  use. 
The  cylindrical  inch  of  hole  bored,  previously  mentioned,  affords  a  ready 
means  to  this  end,  and  when  applying  this  method  in  calculating  the  results  of 
an  average  day's  drilling,  namely,  42  feet,  it  will  be  found  that  this  amounts  to 
1071  cylindrical  inches  of  hole  bored,  or  119  per  hour.  These  figures  include 
the  time  occupied  in  removing  the  machine  from  one  point  in  the  quarry  to 
another,  changing  the  steels,  and  pumping  out  the  bore-holes.  As  already 
stated,  a  12-feet  hole  may  be  drilled  in  one  hour,  including,  of  course,  the 
necessary  time  for  changing  bits,  etc. ;  this  amounts  to  315  cylindrical 
inches  of  hole  bored  in  that  time.  From  these  results  it  is  evident  how 
essential  it  is  to  drill  deep  bore-holes,  in  order  to  avoid  the  delay  occasioned 
by  the  repeated  changing  of  the  machine,  duiiug  which  time  the  drill  is  not 
working.  In  the  event  of  bore-holes  of  shallow  depth  being  adopted,  as  is 
sometimes  done,  it  is  very  evident  that  changing  the  position  of  the  machine 
repeatedly  will  occupy  nearly  as  much  time  as  the  actual  drilling,  in  which 
case  the  least  possible  advantages  are  attained  by  employing  rock  drilling 
machines. 

The  means  by  which  rock  drills  are  actuated,  as  already  mentioned,  is 
compressed  air  or  steam.  In  large  quarries  where  boring  operations  arc 
carried  on  during  the  greater  part  of  the  year,  and  probably  employing  a 
large  number  of  drills,  the  most  suitable  and  economical  motive  power  is 
compressed  air,  which,  besides  these  important  considerations,  serves  as  a 
means  of  preserving  a  clear  atmosphere  at  the  working  face,  and  adds  con- 
siderably to  the  best  possible  conditions  for  carrying  on  the  operations. 

In  establishing  a  compressed  air  plant  it  is  necessary  to  supply  a  com- 
pressor capable  of  providing  a  sufScient  pressure  for  the  number  of  rock 
drills  which  may  be  at  work,  the  air  being  conveyed  in  pipes  of  relatively 
large  diameter.  By  using  compressed  air  as  the  motive  power  for  rock  drills, 
it  is  immaterial  at  what  distance  the  compressor  is  situated  from  the  point 
where  the  drilling  operations  are  being  carried  on,  as,  provided  there  is  no 
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leakage,  the  pressure  of  the  fluid  working  the  drills  is  practically  the  same 
as  at  the  compressor.  In  other  words  there  is  little  or  110  loss  of  pressure 
between  the  point  of  compressing  the  air  and  that  of  using  the  compressed  air. 

In  quarries  where  the  work  is  carried  on  in  an  intermittent  manner,  such 
an  expensive  plant  as  has  been  described,  while  possessing  many  practical 
advantages,  could  not  be  economically  employed.  It  is  necessary,  therefore, 
to  make  use  of  a  boiler  to  generate  steam  for  actuating  the  drill  or  drills. 
The  most  serious  objection  to  the  use  of  steam  for  this  purpose  is  that  at 
certain  seasons,  owing  to  the  humidity  of  the  atmosphere,  the  steam 
hangs  about  the  working  face,  and  greatly  impedes  the  movements  of  the 
workmen. 

A  boiler  generating  steam,  to  be  of  any  practicable  use  for  such  work, 
must  be  placed  as  near  as  possible  to  the  point  at  which  the  drill  is  working, 
so  that  the  steam  maj  be  had  as  dry  as  possible.  If  the  distance  between 
these  two  points  be  great,  the  steam  in  going  through  the  long  line  of  pipes 
becomes  condensed,  which,  combined  with  the  less  effective  pressure,  places 
the  working  of  the  machine  at  a  great  disadvantage.  This  points  to  the 
necessity  of  the  boiler  being  placed  on  wheels,  so  that  it  can  be  readily  run 
from  one  point  to  another  along  the  quarry  face. 

The  pipes  conveying  steam  as  a  motive  power  should  be  of  as  small 
diameter  as  is  consistent  with  the  work  to  be  done,  as  the  condensation  on  a 
large  surface  would  be  prejudicial  to  effective  and  economical  working. 

In  quarrying  rock  for  road  purposes  the  usual,  and,  in  fact^  the  only 
suitable  way  of  providing  the  motive  power  is  by  means  of  a  road  or  trac- 
tion-engine, which,  besides  supplying  the  requisite  steam  for  operating  the 
drill,  can  be  utilized  for  removing  the  drilling  plant,  and  sleeping  van  for  the 
use  of  the  workmen,  from  quarry  to  quarry  as  occasion  requires. 

The  connection  with  the  boiler  should  be  so  placed  that  the  steam  for 
working  the  drill  may  be  had  as  dry  as  possible.  It  is  advisable  when  the 
drilling  plant  is  once  started  in  a  quarry,  although  only  a  small  quantity  of 
material  may  be  required,  to  drill  a  sufficient  number  of  bore-holes  which 
can  be  blasted  from  time  to  time  as  necessity  arises.  The  reason  for  this 
is,  that  to  change  the  plant  from  one  quarry  to  another  every  day  or  second 
day  increases  the  cost  of  drilling  operations  considerably,  by  reason  of  the 
time  occupied  in  travelling  between  the  different  quarries.  It  will  be 
apparent  that  the  cost  of  drilling  may  be  increased  to  twice  what  it  should 
be  by  unnecessary  changing  from  quarry  to  quarry,  involving  in  some 
instances  a  whole  day,  before  a  sufficient  amount  of  actual  work  can  be 
performed  in  proportion  to  the  time  occupied.  In  other  words,  the  time 
occupied  in  travelling  to  a  quarry  for  one  day's  drilling,  which  may  be  sufficient 
in  order  to  produce  the  requisite  quantity  of  material  for  immediate  pur- 
poses, will  involve  an  increase  of  cost  compared  with  the  same  time  and  expen- 
diture spread  over  a  working  period  of  from  one  to  three  weeks'  duration. 
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189.  Blasting. — In  the  foregoing  pages  the  tools  and  machines  used  in 
rock  boring,  and  the  conditions  necessary  to  be  observed  in  placing  the  bore- 
holes, a  matter  of  the  highest  importance,  have  been  considered;  it  now 
remains  to  describe  the  methods  adopted  in  charging  and  firing  them,  and 
the  different  kinds  of  explosives  used  for  this  particular  class  of  work. 

When  it  is  advisable  to  simply  rend  the  mass  of  rock  so  that  blocks  may 
be  obtained  as  large  as  possible,  it  is  necessary  to  make  use  of  an  explosive 
having  a  comparatively  slow  action.  In  the  case  of  procuring  material  for 
road  metal  quite  an  opposite  effect  is  desirable,  pointing  to  the  necessity  of 
employing  an  explosive  having  an  extremely  rapid  and  violent  action,  which 
will  shatter  the  mass  of  rock  sufficiently,  and  obviate,  as  much  as  possible, 
the  necessity  of  after  manipulation. 

In  blasting  rock  from  which  dimension  stones  are  to  be  produced,  gun- 
powder is  sometimes  used;  but  special  qualities  of  blasting  powder  are 
manufactured  to  suit  the  nature  of  the  rock  and  the  class  of  work  for  which 
it  is  intended. 

190.  Gunpowder  as  a  Blasting  Agent. — Gunpowder,  the  grains  of 
which  are  small,  is  more  rapid  in  action  than  coarse-grained  powder;  the 
explosion  of  the  latter  is  adopted  to  simply  rend  and,  by  its  slow  moving  and 
accumulative  force,  dislodge  the  mass  of  rock.  Gunpowder  is  termed  a 
direct  explosive  agent,  that  is,  its  force  can  be  developed  by  direct  means, 
such  as  ignition ;  it  can  also,  however,  be  detonated  by  indirect  means,  which 
materially  increases  its  explosive  effect. 

The  composition  of  the  blasting  powder  generally  used  in  Great  Britain 
is  75  per  cent,  saltpetre,  10  per  cent,  sulphur,  and  15  per  cent,  charcoal. 
Dynamite  of  a  low  grade,  or  containing  a  small  percentage  of  nitro-glycerine, 
may  be  adopted  with  advantage  at  times  for  blasting  rock  under  similar 
conditions. 

191.  High-grade  Explosives. — The  high  explosive  effect  necessary  to 
shatter  the  class  of  rocks  used  for  macadamizing  purposes,  such  as  whin- 
stone,  is  best  obtained  with  high-grade  nitro-glycerine  compounds,  fired  by 
electricity.  These  high-grade  explosives  are  termed  indirect  explosive  agents, 
as  they  require  an  intermediary,  such  as  a  fulminate  detonator,  to  cause 
them  to  explode  properly. 

192.  The  nitro-compound  explosives  of  high  grade  are : — 

Blasting  gelatine  No.  1,  which  contains  94  per  cent,  nitro-glycerine. 
Gelatine-dynamite,  „  74        „  „ 

Gelignite,  „  62J      „  „ 

Dynamite,  No.  1,  „  75        „  „ 

Blasting  gelatine  is  composed  of  collodion  cotton,  which  is  transformed 
into  a  jelly-like  mass  by  being  acted  upon  and  dissolved  by  the  nitro- 
glycerine. 

Dynamite  is  composed  of  nitro-glycerine  and  a  diatomaceous  earth  called 


QUABRYINQ.  145 

*  Kieaelgiilir '  or  earth  meal,  found  in  some  (tf  the  moors  in  SooUand  and  in 
Germany. 

Blasting  gelatine  haa  an  ezploeive  energy  12  per  cent,  greater  than  dyna** 
mite ;  but  its  action  being  slower,  the  effect  is  much  less  shattering.  It  is 
specially  adapted  for  rending  tough  rock  and  dislodging  it  in  large  masses. 
Dynamite  being  a  rapid  and  violent  explosive,  produces  its  effects  very 
suddenly,  and  is  therefore  better  adapted  and  fulfils  the  conditions  neoessaiy 
for  supplying  material  for  macadamizing  purposes  by  dislodging  and  reducing 
the  rock  to  a  size  which  saves  subsequent  sledging ;  consequently  the  cost  of 
quarrying  is  lessened. 

If  blasting  powder  is  used  in  preference,  or  through  some  conservative 
idea  that  its  effects  are  better  in  comparison  with  those  of  the  nitro-glycerine 
explosives  for  a  similar  purpose,  it  is  necessary  either  to  make  larger  bore- 
holes or  to  increase  the  number,  to  obtain  corresponding  results. 

It  will  be  evident  that  in  drilling  bore-holes  purposely  to  make  use  of 
blasting  powder  as  the  explosive  agent,  the  cost  of  boring  is  unnecessarily 
increased. 

From  these  observations  it  is  obvious  that  the  most  economical  results 
are  obtained  by  drilling  deep  bore-holes  with  a  rock  drill,  and  employing 
high-grade  explosives  to  dislodge  the  rock  operated  upon,  so  as  to  reduce  it 
to  suitable  dimensions. 

193.  Different  Explosives  in  relation  to  Wet  Bore-holes. — In  quarry- 
ing operations  wet  bore-holes  have  to  be  contended  with,  according  to  the 
season  of  the  year  in  which  the  work  is  carried  out.  In  such  circum- 
stances, blasting  powder,  unless  in  waterproof  cartridges  and  used  without 
stemming  in  the  bore-hole,  is  not  permissible,  as  moisture  detracts  from,  and 
in  most  cases  destroys,  its  usefulness  as  an  explosive  agent. 

Dynamite  when  retained  in  the  parchment  covering  is  not  liable  to  be 
thus  affected,  but  in  *  pressing  home '  this  explosive  in  a  bore-hole  the  effect 
is  to  considerably  alter  the  form  of  the  cartridge,  exposing  the  dynamite  to 
the  action  of  the  water,  when  it  exists.  In  charging  the  shot-holes  under 
these  conditions  the  nitro-glycerine  exudes  from  the  '  Eieselguhr,'  which 
greatly  impairs  its  explosive  effect.  In  extreme  cases  where  an  accumulation 
of  water  in  a  bore-hole  is  such  that  the  dynamite  might  be  materially  affected, 
it  is  advisable  to  use  blasting  gelatine,  as  this  form  of  the  nitro-compounds 
is  practically  unaffected  by  water. 

The  relative  cost  of  the  different  kinds  of  the  nitro-glycerine  class  of 
explosives  may  determine  to  a  certain  extent  which  of  them  should  be 
employed  in  particular  circumstances.  Nobel  states  that  dynamite  is  about 
six  times,  and  blasting  gelatine  nine  times,  as  strong  as  blasting-powder. 

194.  Conditionfl  and  Feculiaritiea  of  High-grade  Explosives. — Dyna- 
mite may  be  ^too  dry,'  owing  to  a  deficiency  of  nitro-glycerine  in  the' 
absorbent;  it  may  also  be  over-saturated,  when  the  cartridges  will  feel 
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greasy  to  the  touch,  which  may  be  caused  by  storing  the  explosive  in  a  badly" 
ventilated  place.  In  the  former  case  the  effect  of  detonation  may  only  cause 
a  partial  explosion,  in  the  bore-hole,  while  the  residue  will  simply  bum 
away,  and  give  off  very  foul  gases.  Dynamite,  and  the  other  nitro-glycerine 
Qxplosives,  should  be  in  a  plastic  state  when  placed  in  the  bore-holes ;  they 
have  the  disadvantage,  however,  of  freezing  at  a  comparatively  high  tempera- 
tare — dynamite  losing  its  plasticity  at  40*"  F.,  while  blasting  gelatine  becomes 
insensitive  at  a  temperature  of  ^b''  F.  It  may  take  days  to  thoroughly 
thaw  frozen  dynamite,  while,  on  the  other  hand,  it  may  be  exposed,  when  soft, 
for  days  to  a  temperature  below  32''  F.  without  losing  its  plastic  condition. 

Frozen  dynamite  requires  a  high  initial  detonation  to  explode  it,  and 
when  in  this  state  it  is  somewhat  dangerous,  owing,  it  is  believed,  to  tlie 
breaking  of  the  crystals  causing  some  peculiar  molecular  action,  which  at 
times  has  brought  about  accidental  explosions. 

Special  warming-pans  are  provided  for  thawing  frozen  dynamite,  or  even 
when  it  is  in  a  slightly  hard  state ;  the  process,  however,  is  a  slow  one  when 
large  quantities  of  explosives  have  to  be  treated.  The  warming-pans  consist 
of  two  galvanized  zinc  vessels,  one  inside  the  other,  the  interspace  being 
filled  with  hot  water  and  protected  on  the  outside  with  felt  to  retain  the 
heat.  The  frozen  explosive  is  placed  in  the  centre  and  covered  with  a  lid  ; 
these  warming-pans  holding,  according  to  size,  from  2^  lbs.  to  5  lbs.  It 
is  essential  that  the  inside  of  the  warming-pans  be  kept  thoroughly  clean, 
BO  as  to  reduce  any  possible  chance  of  danger  to  a  minimum.  When  repairs 
are  necessary,  the  parts  should  be  previously  washed  with  a  solution  of  2 
parts  of  caustic  soda  and  2  parts  of  alcohol  to  96  parts  of  water,  so  that  any 
nitro-glycerine  whioh  may  be  deposited  in  the  crevices  will  be  destroyed. 

It  is  very  difficult  to  keep  the  explosive  which  has  been  thawed  in 
ft  thoroughly  plastic  condition,  until  the  requisite  quantity  is  so  treated, 
previous  to  charging  the  bore-holes.  Especially  is  this  the  case  during  cold 
weather  in  open  quarry  work,  removed,  as  is  usually  the  case,  from  any  kind 
of  shelter.  A  very  speedy  and  effective  method  of  thawing  and  keeping 
nitro-compounds  in  a  plastic  condition  for  immediate  use  may^be  carried  out 
in  the  manner  described  in  par.  195,  and.  when  ordinary  care  is  exercised, 
Utile  or  no  fear  need  be  apprehended  as  to  the  results.  It  must,  however, 
be  remembered  that  these  explosives  detonate  when  heated  above  Zb^''  F., 
and  that  chemical  changes  take  place  in  dynamite  above  158**  F. 

195.  Warm  stable  manure  is  spread  to  a  depth  of  one  foot  on  the 
ground,  adjacent  to  the  quarry  where  the  blasting  is  to  take  place,  and  of  a 
sufficient  area  to  accommodate  the  quantity  of  explosive  necessary,  allowing 
ft  free  space  between  the  boxes.  The  boxes,  which  contain  50  lbs.  of 
explosives  each,  are  then  placed  on  this  layer,  and  the  lids  partially  opened, 
when  a  quantity  of  manure  is  spread  over  and  [between  them,  and  allowed  to 
remain  until  the  explosive  material  is  thoroughly  thawed  and  in  a  plastic 
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condition.  Care  should  be  exercised  to  avoid  a  high  temperature,  as  already 
explained,  for  which  purpose  a  thermometer  may  be  advantageously  applied 
at  several  points  to  ascertain  the  maximum  heat,  and,  when  necessary,  the 
heat  can  be  reduced  by  removing  some  of  the  manure. 

196.  Determining  the  Charge.— It  is  a  somewhat  difficult  matter  to 
icalculate  exactly  the  amount  of  explosive  necessary  to  effect  the  purpose 
intended.  The  conditions  may  vary  considerably  at  each  bore-hole;  the 
natural  planes  in  many  cases  aid  the  operations;  while  when  the  nitro- 
glycerine explosives  are  used  it  is  easier  to  blast  seamy  rock  than  a  solid, 
tough  mass  of  rock.  The  volume  of  material  loosened  may  be  taken  as 
Approximately  proportional  to  the  cube  of  the  line  of  least  resistance,  which 
is  generally  the  shortest  distance  from  the  charge  to  the  surface  of  the  rock ; 
the  proportion,  however,  varies  in  different  cases,  but  may  be  roughly 
estimated  at  twice  that  cube.  "  In  ordinary  blasts  the  proportion  of  the 
weight  of  the  rock  loosened  to  that  of  powder  used  ranges  from  4500  to  1 
to  nearly  13,000  to  1,  and  is  on  an  average  about  6000  to  1  or  7000  to  1. 
The  ratio  of  the  number  of  pounds  of  powder  to  the  cube  of  the  number  of 
feet  in  the  line  of  least  resistance  ranges  from  1  to  32  to  1  to  10.",* 

Road-stone  quarries  generally  permit  of  a  systematically  planned  method 
of  working  being  carried  out,  and  especially  is  this  the  case  in  blasting  the 
rock,  although  the  amount  of  the  charge  cannot  be  determined  with 
mathematical  exactness.  An  approximate  calculation  can  be. made,  how- 
ever, sufficient  for  all  practical  purposes,  with  a  view  to  fix  the  quantity  of 
explosive  necessary  to  loosen  a  mass  of  rock  by  proceeding  in  the  following 
manner,  a  system  which  the  author  has  adopted  and  made  use  of  for  years 
past  with  satisfactory  results.  The  cubic  contents'  or  burden  of  the  rock 
surrounding  each  of  the  bore-holes  is  calculated  in  relation  to  the  adjacent 
ones,  allowance  being  made  of  about  one-fourth  the  depth  of  the  bore- 
hole beyond  its  position  towards  the  solid  and  also  below  the  bottom  of  the 
hole  as  the  probable  boundary  line  where  the  available  effect  of  the  explosive 


To  illustrate  this,  let  ^g,  73  represent  a  quarry  face  about  30  feet  long 
with  three  bore-holes  placed  as  shown,  14  feet  deep;  the  probable  lines  of 
fracture  or  crater  are  shown  by  dotted  lines.  Shot-hole  No.  1  is  situated 
11  feet  from  the  face  and  10  feet  from  No.  2,  and  the  free  end  towards  a  c 
is  shown  as  5  feet;  therefore  the  contents  of  the  mass  of  rock  a  b,  d  c 
(taking  17  feet  as  the  probable  depth  which  will  be  affected),  represents 
{10  X  14  X  17)  =  2380  cubic  feet,  which,  allowing  13  cubic  feet  in  the  solid 
to  each  ton  of  rock,  amounts  to  about  183  tons.  The  contents  or  burden 
surrounding  the  other  shot-holes  are  calculated  in  a  similar  manner.  Should 
the  shot-holes  be  fired  singly,  the  line  of  rupture  will  not  follow  the  dotted 
lines  ab,  d  c  but  may  be  approximately  represented  at  e,  /,  g,  when  the 
*  Rankine'8  Civil  Engineerinff. 
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quantity  of  rock  dislodged  may  only  amount  to  about  120  tons.  If  blasting: 
powder  ia  used,  and  the  shot-boles  are  fired  singly,  experience  demonstrates- 
that  1  lb.  of  this  explosive  can  move  from  3  to  4  tons  of  rock,  and  in  the- 
case  referred  to  a  total  quantity  of  30  lbs.  would  be  required  in  order  that 
the  charge  should  be  strong  enough  to  overcome  the  resistance  presented  by 
the  cohesion  of  the  rock.     This  is  on  the  assumption  that  the  bore-hol& 
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could  contain  this  quantity  of  powder  and  admit  of  a  safficient  amount  of 
tamping  being  placed  on  the  top,  otherwise  part  of  the  charge  would  be 
blown  out,  diminishing  its  useful  effect,  and  at  the  same  time  throwing  the 
shattered  rock  at  the  mouth  of  the  bore-hole  in  all  directions. 

In  the  event  of  the  shot-holes  Nos.  1,  2,  and  3  being  fired  simultaneously 
by  electricity,  then  1  lb.  of  blasting  powder  will  throw  down  from  5  to  & 
tons  of  rock,  hence  in  the  case  of  No.  1  hole  rather  more  than  36  lbs.  will 
be  required  to  dislodge  the  mass  ab,  d  c,  or  183  tons  of  rock. 

It  is  evident,  therefore,  that  simultaneoas  blasting,  even  when  using 
blasting  powder,  gives  better  results  than  when  the  shot-holes  are  fired 
singly.  In  very  hard  and  tough  rock  the  effect  of  blasting  with  blasting 
powder  as  an  explosive  agent  is  such  that  the  mass  of  rock  is  simply  dis- 
lodged; the  large  size  of  the  blocks  of  stone  resulting  necessitates  an 
additional  expenditure  to  reduce  them  sufficiently,  by  means  of  plug-holes, 
for  the  purpose  of  sledgiug.  This  work  is  performed  by  boring  a  hole 
f  of  an  inch  in  diameter  in  the  block,  and  about  1  or  2  feet  deep, 
insertiug  powder,  tamping,  and  firing  the  charge,  so  that  it  may  be  split  in 
several  directions,  and  reduced  to  pieces  of  a  suitable  size  for  sledging. 
This  on  an  average  requires  from  5  to  10  lbs.  of  powder  extra  for  each 
100  tons  of  rock,  and  the  inclusive  cost  of  this  drilling  operation  may 
amount  to  2d.  per  ton  quarried.  This  extra  work,  in  addition  to  the 
mashing  or  sledging^  which  is  an  item  involving  considerable  expenditure, 
will  be  explained  in  detail  further  on. 

On  the  other  hand,  if  dynamite  containing  75  per  cent,  of  nitro-glycerine 
is  employed  as  the  explosive  agent,  the  quantity  necessary  to  dislodge  and 
effectually  shatter  the  same  mass  of  rock,  e,  /,  g  (fig.  73),  would,  firing  the 
shot  singly,  amount  to  12  lbs.  In  the  event  of  all  the  shot-holes  being  fired 
simultaneously,  which  is  the  only  economical  method,  then  the  quantity  of 
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:dynamit6  necessary  for  aholrhole  No.  1,  allowing  13  to  14  tons  of  throw  tos 
•€ach  pound  of  explosive  usedi  would  be  about  14  lbs.  for  the  larger  quantity 
of  rock,  namely,  183  tons. 

In  dimension-stone  quarries,  where  the  material  is  dislodged  in  large 
pieces,  a  considerable  amount  of  work  is  entailed  in  reducing  them  by  means 
of  plug-holes  and  blasting.  Formerly  the  plug-hole  was  usually  made  by 
hand-drilling,  but  the  pneumatic  hammer  is  now  being  introduced  for  this 
purpose.  This  tool,  which  is  an  adaptation  of  Boyer*s  patent  hammer  for 
caulking  boilers  and  chipping  purposes,  can  make  a  plug-hole  1  inch  diameter 
and  12  inches  deep  in  three  minufces.  Undoubtedly  the  pneumatic  hammer 
has  a  great  future,  as,  besides  being  capable  of  boring  holes,  it  can  be  applied 
for  dressing  the  hardest  rocks,  which  has  long  been  a  desideratum  in  the 
granite  industry. 

The  relative  strength  of  the  two  blasting  agents  mentioned  has  been 
ascertained  by  the  'ballistic'  test,  and  experience  shows  that  in  the 
generality  of  cases  the  figures  given  may  be  relied  upon  when  blasting  any 
mass  of  rock,  provided  the  conditions  as  to  drilling  the  bore-holes  have  been 
observed.  It  is  necessary,  however,  to  carefully  inspect  the  fissures  and 
characteristic  features  of  the  rock,  as  the  position  of  the  bore-hole  in  a 
mass  of  rock  may  be  to  a  certain  extent  locked  or  keyed,  under  which 
circumstances  an  additional  quantity  of  explosive  may  be  advantageously 
used.  Blasting  gelatine,  as  already  stated,  is  about  nine  times  stronger 
than  blasting  powder;  but  we  may  assume  it  to  be  only  eight  times  as 
strong,  as  this  figure  harmonizes  best  with  the  results  obtained  in  practice. 
Consequently,  in  firing  the  shot-holes  simultaneously  by  electricity,  the 
quantity  of  this  explosive  necessary  for  charging  bore-hole  No.  1  (fig.  73) 
would  be  about  5  lbs.  The  effects  of  blasting  gelatine,  however,  are  slower 
in  action  than  dynamite,  so  that  the  mass  would  be  brought  down  in 
iarge  blocks,  necessitating  plug-holes  and  the  employment  of  additional 
•explosive  to  reduce  the  stones  to  suitable  dimensions. 

Increasing  the  calculated  quantity  of  blasting  gelatine  to,  say,  8  or  9  lbs. 
would  only  have  the  e£fect  of  partially  shattering  the  rock,  while  the  mass 
would  in  all  probability  be  thrown  to  a  considerable  distance,  necessitating 
its  being  recovered  and  deposited  at  the  quarry  face.  In  extremely  tight 
places  in  a  quarry  face  blasting  gelatine  will  burst  and  throw  a  mass  of  rock, 
mhUe  dynamite  will  only  shatter  it  without  dislodging  it.  The  same  process 
js  carried  out  in  determining  the  charges  for  the  other  shot-holes,  and 
:although  it  occupies  some  time  and  is  only  approximately  accurate,  it  is 
nevertheless  an  infinitely  better  method  than  that  usually  adopted  of  fixing 
the  amount  of  explosive  necessary  to  discharge  a  mass  of  rock  '  by  sight.' 
The  latter  method  of  fixing  the  quantity  of  explosive  required,  or,  as  it 
proves  to  be  in  most  cases,  guessing,  is  a  '  rale-of-thumb '  system  of  arriving 
Mt  the  desired  results,  for,  in  such  cases,  it  is  usually  found  that  the  quantity 
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of  explosiye  used  was  either  too  much  or  too  little  for  the  work  to  be  done. 
Overcharging  the  shot-holes  is  a  dangerous  practice,  and  should  be  carefully 
guarded  against  in  all  quarrying  operations. 

197.  The  position  and  direction  of  the  bore-holes  in  road-stoue  quarry 
No.  2,  taken  from  actual  practice,  are  shown  in  fig.  74,  as  also  the 
quantity  of  explosive  (dynamite)  used  and  the  depth  of  each  shot-hole; 
for  instance,  in  \^  the  lower  figure  indicates  the  depth  of  the  bore-hole,  the 
upper  one  the  amount  of  oharge  in  pounds,  while  the  holes  are  indicated  by 
the  numerals  1,  2,  3,  etc. 

The  quantity  of  explosive  used  in  each  shot-hole  was  determined  by  the 
method  described ;  in  the  top  holes  1  lb.  of  dynamite  was  allowed  for  dis- 
lodging 13  tons  of  rock,  while  in  the  bottom  holes  1  lb.  was  allowed  to- 
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every  10  tons  of  rock.  The  total  quantity  of  material  calculated  as  likely  ta 
be  dislodged  was  3400 ;  but  the  actual  quantity  of  rock  quarried  and  passed 
over  the  steelyard  was  3475  tons,  so  that  on  an  average  12^  tons  of 
rock  was  thrown  or  dislodged  and  broken  up  for  each  pound  of  explosive 
used.  The  appearance  of  the  quarry  face  during  drilling  operations,  and^ 
previous  to  blasting,  is  shown  at  fig.  88,  while  the  result  of  the  blasting,, 
taken  immediately  after  the  shot-holes  were  fired,  is  represented  in  fig.  89. 

198.  Another  example  of  a  road-stone  quarry,  No.  3,  is  shown  in  fig.  75  ;. 
the  position  and  direction  of  the  bore-holes,  and  the  quantity  of  explosive 
used  in  each,  are  represented  in  a  manner  similar  to  that  described  in  the- 
preceding  paragraph ;  a  cross-section  A  A  and  the  quarry  face  are  shown  in? 
fig.  76.  In  this  case  the  quarry,  although  in  use  for  several  years,  had  never 
been  blasted,  the  limited  quantity  of  metalling  required  each  season  having 
been  obtained  from  the  loose  material  on  the  top  by  means  of  bars  and 
wedges. 

The  rock  consists  of  basalt  of  a  very  tough  and  stubborn  nature;  con- 
sequently it  was  considered  advisable  to  place  the  bore-holes  closer  to  eachi 
other  thfin  in  th^  cases  referred  to. 
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The  amount  of  rock  required  for  the  purpose  of  forming  a  new  road  in 
the  vicinity  was  2000  tons,  and  considering  the  nature  of  the  rock  it  wae 
deemed  advisable  to  work  within  a  safe  limit,  the  amount  of  the  charge 
allowed  being  1  lb.  of  explosive  to  every  10  tons  of  rock.  The  appearance 
of  the  quarry  face  previous  to  blasting  is  shown  in  fig.  90,  and  the  result 
obtained  is  represented  in  fig.  91. 

The  actual  quantity  of  rock  dislodged  and  broken  up  suitable  for 
sledging  turned  out,  after  weighing,  to  be  2102  tons,  or  equal  to  10^  tons 
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of  throw  for  each  pound  of  explosive  used.  The  actual  cost  of  drillings 
charging,  and  blasting  in  these  two  quarries  is  given  in  detail  on  pp.  171 
and  172. 

199.  Charging  the  Shot-holes. — Before  commencing  the  operation  of 
charging  the  shot-holes,  it  is  necessary  to  remove  any  sludge  or  water  which 
may  be  in  them  by  the  means  already  described,  in  order  that  they  may  b& 
rendered  as  dry  and  clean  as  possible.  Mois- 
ture will  cool  the  gases  produced  from  the 
explosive  when  fired,  and  therefore  a  part  of 
the  energy  is  uselessly  expended  in  evaporat- 
ing it,  while  the  action  of  some  explosives 
is  lessened  or  prevented  by  it  If  blasting 
powder  in  a  loose  state  is  to  be  employed  as 
the  explosive  agent,  particular  care  should  be 
exercised,  for  the  reasons  given.  The  bore- 
holes ought  to  be  thoroughly  wiped  dry  by 
means  of  a  piece  of  tow  or  other  suitable  material  attached  to  the  eye  of 
the  scraper,  which  is  passed  slowly  up  and  down  the  bore-hole  to  absorb 
the  moisture. 


Fio.  76. — Cross-section  at  A  A  of 
road-stone  quarry  No.  3. 


152  ROAD   MAKING  AND   MAINTENANCE. 

After  detenntning  the  amount  of  the  charge  by  the  rule  giTen,  the  requisite 
quantity  is  placed  in  the  shot-hole ;  if  the  explosive  is  blasting  powder  in  a 
loose  state  this  is  accomplished  by  means  of  a  tin  or  copper  tube,  so  as 
to  prevent  its  coming  in  contact  with  the  sides  of  the  bore-hole.  Blasting 
powder  is  also  made  up  in  cartridges  having  a  waterproof  covering,  in  which 
form  it  has  many  advantages.  One  pound  of  blasting  powder  in  a  loose 
state  occupies  about  30  cubic  inches,  and  27^  cubic  inches  when  pressed,  so 
that  the  quantity  to  be  placed  in  a  bore-hole  can  be  determined  exactly  by 
measurement.  Dynamite  and  the  gelatinous  explosives  are  made  up  in  cart- 
ridges with  paraffined  paper  wrappers,  and  are  generally  3^  inches  long  and 
1  inch  in  diameter  for  the  former  and  |ths  of  an  inch  for  the  latter.  Boxes 
containing  50  lbs.  are  subdivided  into  ten  cardboard  boxes  made  up  of  5  lbs. 
each.  The  number  of  sticks  to  a  pound  of  the  nitro-glycerine  explosives  can 
thus  be  easily  ascertained,  being  generally  8  or  9,  and  this  at  once  is  a 
measure  to  guide  the  quarryman  in  charging  the  shot-holes. 

The  plastic  nature  of  the  nitro-compounds  affords  a  great  practical  advan- 
tage in  charging,  as  it  admits  of  their  being  readily  rammed  home  into  the 
shot-hole,  so  as  to  fill  all  the  seams  and  crevices.  It  is  advisable,  in  order 
to  save  time  when  charging  machine-drilled  shot-holes,  to  place  three  sticks 
of  explosive  at  a  time  into  them  instead  of  singly ;  this  is  done  by  tying 
them  together  with  a  piece  of  twine  previous  to  commencing  the  charging 
operations,  the  combined  thickness  being  sufficient  to  fill  the  lower  part  of 
a  14-foot  bore-hole.  They  are  then  dropped  into  the  vertical  holes,  and 
pushed  into  the  horizontal  ones,  to  the  required  number,  and  thoroughly 
rammed  home,  each  lot  of  three  separately,  by  means  of  a  tamping  rod 
made  of  wood,  without  using  undue  force ;  the  more  compact  the  cartridges 
are  the  greater  will  be  the  effect  of  the  explosion. 

If  a  charge  of  blasting  powder  is  to  be  fired  by  means  of  a  straw,  a 
pointed  metal  rod  of  small  diameter  called  a  jrrieker  is  placed  against  the 
side  of  the  bore-hole,  with  its  lower  or  pointed  end  in  the  charge.  The 
tamping  is  then  proceeded  with,  which,  considering  the  heaving  tendency  of 
blasting  powder,  requires  not  only  that  it  should  be  firmly  rammed,  but  also 
that  the  material  forming  the  tamping  itself  should  be  of  a  dense  nature,  as^ 
for  instance,  moist  clay. 

The  pricker  is  then  carefully  withdrawn,  leaving  a  circular  passage  through 
the  tamping  down  to  the  charge.  Into  this  passage  the  straw,  properly  filled 
with  powder  of  fine  grain,  is  inserted ;  the  charge  is  then  ready  for  firing. 

This  method  of  firing  charges,  although  defective  in  many  respects  and 
attended  with  danger  owing  to  the  number  of  supposed  misfires,  was  the 
method  exclusively  adopted  years  ago,  but  is  now  prohibited  by  the  regala- 
tious  of  the  Quarries  Act^  1894. 

The  firing  of  a  powder  charge  is  generally  effected  by  means  of  a  safety 
fuse,  a  piece  of  which,  sufficiently  long  to  reach  from  the  top  of  the  charge 
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and  to  project  a  few  inches  above  the  bore-hole,  is  placed  in  a  similar 
position  to  that  occapied  by  the  pricker  in  the  case  referred  to,  and  the 
tamping  proceeded  with  in  a  similar  manner  as  described  in  the  preceding 
paragrapli.  Better  results  will,  however,  be  obtained  if  the  fuse  is  placed  in 
the  centre  of  the  charge  so  as  to  ensure  its  igniting  and  exploding  properly. 

It  is  a  well-established  fact  that  an  electrical  current  will  produce  a  more 
powerful  initial  impulse  in  firing  shot-holes  charged  with  powder  than  by 
the  ordinary  safety  fuse ;  this  method  of  blasting  will  be  described  presently. 

In  blasting  with  dynamite  and  the  other  nitro-compounds  as  the  explosive, 
the  firing  cannot  be  effectively  carried  out  by  safety  or  any  other  kind  of 
fuse  alone.  To  bring  about  instantaneous  decomposition  in  the  nitro- 
glycerine class  of  explosives  it  is  necessary  to  produce  in  their  midst  an 
•explosion  of  some  other  substance.  This  is  effected  by  means  of  a  detonator, 
or  copper  capsule  containing  fulminate  of  mercury. 

A  short  piece  of  safety  fuse  with  a  clean-cut  end  is  inserted  into  the  open 
•end  of  the  detonator  till  it  reaches  the  fulminate;  the  detonator  is  then 
pressed  tightly  round  the  fuse  by  the  aid  of  a  pair  of  pliers  specially  made  for 
the  purpose.  The  detonator  is  then  pushed  to  a  depth  equal  to  two-thirds 
of  its  length  into  the  primer,  a  hole  being  previously  made  in  the  primer 
by  means  of  a  small  round  piece  of  wood  having  a  similar  diameter  to  that  of 
the  cap  or  detonator,  the  paraffined  paper  wrapper  is  then  laid  over  and 
secured  to  the  fuse.  To  ensure  proper  detonation  the  safety  fuse  in  the  cap 
ought  not  to  touch  the  dynamite  primer,  as,  should  this  occur,  the  explosive 
may  become  ignited  previous  to  the  fulminate  of  mercury 
in  the  cap  exploding,  which,  besides  creating  noxious  fumes, 
would  detract  from  its  explosive  effect.  The  method  of  fixing  the 
fuse  and  the  other  details  necessary  are  shown  in  fig.  77,  a 
being  the  fuse,  h  the  detonator,  c  the  primer  or  cartridge  of 
clynamite,  and  d  where  the  paraffined  paper  wrapper  is  secured 
to  the  fuse  by  a  piece  of  twine. 

When  damp  or  wet  bore-holes  are  encountered,  it  is  advisable 
to  smear  the  connection  between  the  detonator  and  the  fuse  with 
tallow  or  some  other  kind  of  water-resisting  composition. 

It  is  a  common  practice  to  insert  a  paper  wad  on  the  top  ^^^  ^^  _ 
of  the  primer  and  detonator  before  the  tamping  is  commenced ;  Dynamite 
this  forms  a  cushion  and  protects  the  detonator.  primer  and 

When    a  number  of  shot-holes  are  to   be   blasted   simul-     ordinary 
taneously,   the  employment    of  electricity   to    fire   the   charge 
presents  numerous  and  great  advantages ;  even  in  single-shot  firing  it  is 
much  superior  to  the  safety  fuse  and  detonator  by  its  producing  a  greater 
useful  effect 

200.  Electrical  Detonators. — ^These  consist  of  a  charge  of  explosive 
itompound,  usually  fulminate  of  mercury,  suitably  placed  in  the  circuit  of  an 
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electric  current,  and  acted  upon  in  a  manner  and  degree  sufficient  to  produce 
an  explosion.  The  mode  in  which  the  current  of  electricity  is  made  to  act 
depends  on  the  source  or  manner  in  which  it  is  generated,  being  either  of 
high  intensity  but  small  in  quantity,  or  of  low  tension  and  of  great  quantity. 

Two  kinds  of  electrical  exploders  are  therefore  manufactured,  consisting 
of  three  types  to  suit  these  two  different  conditions  or  sources  from  which 
the  electric  current  is  produced.  These  three  types  are  the  slot  detonator, 
fig.  78,  the  hndge  detonator,  fig.  79,  and  the  incandescent  detonator,  fig.  80, 
but  are  commonly  called  tension  and  quantity  detonators. 

Slot  Detonator, — The  slot  detonators  are  thin  copper  tubes — a,  about 
\  inch  in  diameter,  closed  at  one  end  and  partially  filled  with  a  detonating 
composition,  6,  consisting  of  fulminate  of  mercury  in  varying  quantities  up 
to  2  grammes  or  31  grains.  On  the  top  of  this  composition  there  is  placed  a 
layer  of  priming  or  flashing  mixture,  c,  which  is  generally  made  of  antimony 
sulphide  and  potassium  chlorate.  The  wire  for  conveying  the  electric  current 
is  bent  at  the  lower  end  in  the  form  of  the  letter  U,  around  which  a  plug,  ey. 
of  melted  sulphur  and  powdered  glass  is  moulded,  a  fine  slot  being  cut 
through  the  wire  as  shown  at  d.  The  plug  is  then  inserted  into  the  copper 
casing,  so  that  the  two  bent  ends  of  the  wire  project  into  the  priming^ 
mixture ;  it  is  then  made  water-tight  with  india-rubber  solution. 

Bridge  Detonator, — The  bridge  detonator  is  similar  in  form  to  the- 
previous  one ;  the  wire  terminals  are,  however,  filed  off  flush  with  the  inside 
face  of  the  plug,  along  which  and  between  the  ends  of  the  two  wires  a  line: 


Slot. 


Bridge.  Incandescent  Detonator. 

Figs.  78-80.— Electric  Fuses. 


is  drawn  with  a  soft  black  lead  pencil.     This  forms  a  path  for  the  electria 
current  to  pass  along,  with  many  points  at  which  sparking  takes  place. 

Incandescent  Detonators, — The  incandescent  detonators  are  made  in  a 
similar  manner  to  the  slot  type,  but  the  ends  of  the  wires  are  placed  in  the 
i>rimiDg  or  flashing  mixture  and  connected  by  a  very  fine  platinum  wire,  d^ 
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Owing  to  the  great  electrical  resistance  of  the  platinum  wire,  it  becomes  red 
hot  when  a  current  is  passed,  thereby  effecting  the  necessary  explosion. 

This  type  of  exploder  requires  an  electrical  current  of  gi-eat  quantity  to 
explode  it,  but  of  low  tension,  while  the  slot  type  of  detonator  requires  a 
high  tension  current  to  ignite  it.  Detonators  contain  a  mixture  of  from  80 
to  95  per  cent,  of  fulminate  of  mercury  and  20  to  5  per  cent,  of  chlorate  of 
potash,  those  for  electric  blasting  generally  containing  90  to  95  per  cent,  of 
the  former  and  10  to  5  per  cent,  of  the  latter.  They  are  manufactured  with 
charges  vaiying  from  8  to  31  grains;  No.  6  detonator,  or  sextuple  strength, 
containing  1  gramme  or  15 '4  grains,  are  those  usually  employed  in  quarry  work 
for  supplying  macadam.  Detonators  of  insufficient  strength  are  a  source  of 
danger,  and  many  accidents  are  traceable  to  explosives  of  the  nitro-compound 
class  being  improperly  exploded.  It  is  essential,  therefore,  to  employ  those  of 
a  proper  strength  to  ensure  effective  work ;  in  many  cases  No.  8  detonators 
are  employed,  especially  in  very  wet  bore-holes ;  these  contain  a  charge  of 
31  grains.  The  lowest  standard  for  detonators  required  by  the  Home  Office 
is  80  per  cent,  fulminate  of  mercury  and  20  per  cent,  of  chlorate  of  potash. 

201.  The  detonators  are  inserted  in  the  primers,  whatever  kind  of 
nitro-compound  explosive  is  used,  by  making  a  hole  at  one  end  by  means  of 
a  small  piece  of  round  stick,  thoroughly  covering  the  exploder  with  the 
dynamite  and  securing  the  paper  wrapper  to  the  wires  by  means  of  a  piece 
of  twine. 

It  is  then  placed  in  the  bore-hole  and  in  contact  with  the  charge,  the 
wires  being  sufficiently  long  to  reach  at  least  a  foot  beyond  the  surface  of 
the  rock. 

202*  Some  authorities  on  blasting  claim,  in  order  to  properly  fire  a^ 
charge  of  dynamite  or  the  gelatinous  compounds,  that  the  detonator  should 
be  placed  in  the  centre  of  the  charge,  and  that  even  two  or  three  should  be 
employed  and  distributed  in  the  body  of  the  charge  to  obtain,  if  possible,  a 
higher  initial  explosion.  Thb,  no  doubt,  would  have  a  beneficial  effect  in 
extremely  deep  shot-holes,  and  where  the  charge  is  an  extended  one  of 
great  length ;  but  to  properly  charge  and  tamp  a  hole  under  such  conditions- 
is  a  matter  of  great  difficulty,  and  the  process  is  not  wholly  free  from 
danger.  It  is  desirable,  however,  when  blasting  rock  which  is  likely 
to  be  dislodged  in  large  blocks,  to  divide  the  charge ;  that  is,  first  placing^ 
one-half  the  calculated  quantity  of  explosive  in  the  lower  part  of  a  bore-hole 
to  fix  the  detonator  in  position,  tamping  material  being  added  to  a  height  of 
a  few  feet^  then  placing  the  remainder  of  the  charge  on  the  top  of  this,  and 
repeating  the  process  of  fixing  the  detonator  and  tamping.  Care  should  be 
taken,  when  working  with  double  charges,  to  properly  join  the  shot-hole 
wires  to  those  on  either  side. 

208.  Tamping  the  Shotliole.— The  effective  tamping  of  the  shot-hole 
after  the  charge  has  been  inserted  is  a  matter  of  great  importance,  as  the  object 
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18  80  to  increase  the  lesistance  as  to  prevent  the  escape  of  the  gases  generated 
•by  the  explosion  in  the  direction  of  the  bore-hole.  The  material  employed 
mast  therefore  possess  great  power  of  resistance,  be  of  easy  appiicatioD,  and  be 
free  from  grit  or  other  hard  matter  which  would  have  a  tendency  to  cut  or 
damage  the  insulation  of  the  wires  in  the  shot-hole.  Moist  clay  suits  the  first 
condition  admirably,  but  its  application  in  tamping  the  bore-hole  occupies 
a  considerable  time.  Sand  satisfies  the  second  condition,  but  even  when 
compact,  water  permits  of  the  gases  being  insinuated  between  its  particles. 

When  blasting  powder  is  used,  a  sufficiently  deep  and  solid  tamping  is 
indispensable,  and  no  time  should  be  spared  to  make  it  thoroughly  uniform 
and  tight.  The  action  of  blasting  powder  when  exploded  has  a  lifting 
tendency;  it  should,  therefore,  be  tamped  entirely  with  clay  in  order  that 
the  full  explosive  effect  may  be  directed  on  the  rock  to  be  dislodged. 

When  a  charge  is  fired  by  detonation,  the  action  being  much  quicker 
than  with  safety  fuse,  the  tendency  just  mentioned  is  greatly  diminished. 

With  the  nitro-glycerine  class  of  explosives  sand  alone  is  often  used ;  the 
general  effects  of  the  blast,  however,  are  considerably  increased  by  employing 
.a  few  pellets  of  clay  in  addition.  With  a  powder  charge  it  is  usual  to  place 
a  wad  of  paper  or  straw  next  the  explosive  before  commencing  tamping 
operations,  and  then  slightly  press  the  material  until  a  safe  height  above  the 
-charge  is  attained,  when  it  may  be  rammed.  In  tamping  a  dynamite  charge 
it  is  usual  to  place  some  sand  in  the  shot-hole  directly  on  the  detonator  so 
as  to  cover  it;  a  few  pellets  of  moist  clay  are  then  gently  pushed  over 
this  for  a  foot  or  two  in  depth,  when  the  ordinary  tamping  material  is 
scooped  into  the  shot-hole  and  rammed  with  a  wooden  rod  until  the  surface 
is  reached.  Care  should  be  exercised  to  avoid  a  cushion  of  air  between  the 
■€xplosive  and  the  tamping  material 

In  either  case  the  man  who  is  deputed  to  do  this  work  should  hold  the 
fuse  or  the  wires  of  the  electric  exploder  in  his  left  hand  while  he  works 
the  tamping-rod  with  the  other  hand.  The  least  movement  of  the  fuse  or 
wires  caused  by  the  tamping-rod  coming  in  contact  with  them  will  be 
instantly  felt;  this  enables  the  operator  to  avoid  the  rubbing,  which  is  inju* 
rious  to  them.  Apart  from  the  possibility  of  cutting  or  destroying  the 
•covering  or  insulation,  which  in  damp  shot-holes  might  adversely  affect  the 
firing  of  them,  the  wires  of  the  electrical  exploders  may  be  broken  by 
incautious  handling  and  thus  rendered  inoperative.  For  this  reason  the 
tamping-rod  is  sometimes  made  with  a  slanting  instead  of  a  square  end, 
as  shown  in  fig.  81.  It  will  be  seen  that  the  point  a  will  always  have  a 
tendency  to  rub  hard  on  the  rock  face  of  the  bore-hole  farthest  away  from 
the  fuse  or  wires,  thus  guarding  against  the  least  possible  chance  of  damaging 
them.  After  the  tamping-rod  is  placed  in  the  bore-hole,  however,  it  may  be 
uncertain  at  which  side  the  point  a  is  situated.  To  obviate  this  difficulty  it 
is  advisable  to  run  a  groove  diametrically  opposite  to  the  pomt  a  the  whole 
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kngth  of  the  rod,  then  by  obeeryation  it  can  be  held  in  the  position  which 
will  keep  the  point  as  clear  of  the  fuse  or  wires  as  possible. 

Tiunping  shot-holes  charged  with  the  nitrocompounds  by  means  of  water 
has  many  advocates  and  is  extensively  made  use  of,  but  in  the  author'a 
experience  such  a  method  of  tamping  has  not  been  attended  with  satisfactory 
results,  and  is  certainly  not  to  be  compared  in  auy 
way  with  the  system  of  tamping  described  in  the  pre- 
ceding paragraphs. 

2M.  Nature  of  an  Explosion  of  Nitro-Gom- 
pounds.— It  is  generally  believed,  even  by  those  of  some 
experience,  that  the  direction  of  impact  of  the  nitro- 
compounds, when  exploded,  acts  in  a  downward  direc- 
tion. This  is  not  the  case,  however,  as  may  be  inferred 
by  considering  the  following  facts,  which  do  not 
justify  the  general  use  of  water  as  a  means  for  tamp- 
ing shot-holes. 

If  a  cartridge  of  dynamite  is  suspended  in  mid-air, 
where  the  resistance  around  it  is  equal  on  all  sides,  it 
will,  provided  the  explosive  is  of  a  uniform  compo- 
sition, and  is  detonated  throughout  its  body  simulta- 
neously, cause  the  gases  generated  to  expand  equally  in 
all  directions.  The  only  difference  between  the  explo- 
sion of  a  charge  of  blasting  powder  and  that  of  a 
dynamite  cartridge  is  one  of  degree,  the  latter  being  much  more  quickly  con- 
verted into  a  gaseous  state;  hence  its  action  is  rapid.  If  a  cartridge  of 
blasting  gelatine  or  dynamite  be  placed  on  a  block  of  stone  and  detonated,  it 
is  possible  that  under  most  circumstances  the  stone  will  be  cracked  in 
several  directions.  This  does  not  prove,  however,  that  the  impact  is  entirely 
downwards,  as  only  a  limited  amount  of  the  explosive  effect  created  may  have 
acted  in  this  direction  by  reason  of  its  rapid  action  on  the  surface  of  the 
stone.  A  cartridge  of  the  same  kind  and  strength  placed  in  the  bore-hole 
of  a  block  of  stone  of  equal  size  and  solidity  and  effectively  tamped — in  other 
words,  similar  to  the  one  already  operated  upon — ^having  equal  resistance  all 
round,  would  cause  it  to  be  shattered  and  the  fragments  would  probably  be 
thrown  in  all  directions.  It  will  thus  be  seen  that,  with  an  equal  resistance, 
the  gases  generated  by  the  explosion  of  dynamite  will  expand  equally  in 
every  direction.  Should  the  resistance  be  unequal,  however,  the  explosive 
effect  will  be  deflected  in  the  direction  of  the  line  of  least  resistance.  Hence 
in  shot-holes  tamped  with  water  it  sometimes  happens  that  the  deflected 
energy  of  the  explosive  follows  the  bore-hole,  as  it  easily  overcomes  the 
resistance  of  the  water,  and  expends  its  useful  effect  in  the  air.  This 
explanation  of  the  nature  of  an  explosion  of  the  nitro-compounds  is  amply 
borne  out  in  practice.      In  carrying  out  some  quarrying  operations  the 


Fig.  81.— Tamping 
rod. 
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Author  had  occasion  to  make  use  of  water  tamping,  not  as  a  matter  of 
'expediency,  but  from  necessity.  Of  twelve  shot-holes  which  were  fired 
simultaneonsly  three  simply  discharged  the  explosive  into  the  air  and  on 
the  quarry  face  opposite,  the  result  being  devoid  of  any  useful  effect  Two 
of  these  bore-holes  were  in  a  horizontal  position  and  one  vertical ;  from  the 
last  mentioned  a  small  piece  of  loose  rock  surrounding  the  mouth  of  the  hole 
was  projected  to  a  considerable  height,  and  subsequently  fell  within  a  few 
feet  of  its  previous  position  in  the  quarry.  In  bore-holes  generally 
^especially  in  those  drilled  in  a  vertical  direction)  when  there  is  a  continuous 
flow  of  water  (as  was  the  condition  of  things  in  the  case  meotioned),  it  is 
advisable  to  place  a  few  pellets  of  clay  over  the  charge  and  to  fill  the 
remaining  portion  of  the  hole  with  sand.  This  assists  in  confining  the  gases 
when  expanding,  and  therefore  increases  the  effective  results.  Similarly,  if 
^he  full  force  of  an  explosion  is  deflected  when  an  accidental  explosion  of 
the  nitro-compounds  takes  place,  distant  objects  may  be  damaged,  while 
objects  comparatively  near  in  different  directions  may  not  be  affected. 

205.  Gonnecting  the  Shot-hole  Wires.— -When  two  or  more  shot-holes 
are  to  be  exploded  simultaneously,  the  wires  leading  from  the  detonators 
require  to  be  joined  to  those  on  either  side  and  also  to  the  cables  leading  to 
the  blasting  machine,  so  as  to  form  a  complete  metallic  circuit  When  the 
wires  from  the  shot-holes  are  not  long  enough  to  join  those  on  either  side, 
it  is  necessary  to  make  use  of  connecting  wire,  which  should  be  of  the 
same  quality  as  the  detonator  wires  and  of  a  similar  diameter.  These  latter 
are  made  from  ^^th  to  ^nd  of  an  inch  in  diameter,  and  are  insulated  with 
paraffined  cotton  wound  double,  or  with  gutta-percha  or  fibre  composition. 
The  mode  of  joining  the  wires  is  to  cut  off  the  insulated  covering  for  about 
3  inches  from  the  end  of  each  wire,  and  then  twist  them  together  firmly  in 
a  somewhat  reverse  fashion,  as  shown  in  fig.  82. 

The  bare  ends  should  be  scraped  with  a  knife,  as  the  contact  surfaces 
jnust  be  clean,  bright^  and  free  from  dirt  or  grease.      These  bare  con- 


Fio.  82.— Method  of  connecting  wires. 

flections  when  the  ground  is  wet  should  be  protected  by  covering  them 
with  insulating  tape;  this  is  especially  necessary  when  the  explosion  of 
the  charge  is  effected  by  a  blasting  machine  generating  a  high  tension 
current 

206.  Gircuits :  different  methods  of  connecting-up.— In  effecting  the 
metallic  circuit  between  the  shot-holes  and  the  end  of  the  cable  wires,  three 
different  systems  may  be  adopted  in  coupling-up  the  detonators,  vii.,  (1)  in 
eeries,  (2)  in  parallel,  or  (3)  in  a  manner  combining  both  systems. 
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(1.)  Series  Circuit,  ^The  method  known  as  the  eertea  circuit,  or  con- 
inecting.the  wires  in  series,  and  shown  in  fig.  83,  is  the  one  most  frequently 
adopted  when  low  tension  or  quantity  detonators  are  used,  which  arrangement 
can  be  tested  previous  to  firing.  It  affords  a  simple  and  effective  means  of 
forming  the  connections.     Its  only  disadvantage  is  that  a  single  defective 


<0 


Fio.  88.— Goxmeoting  the  shot-hole  in  series. 

-detonator  or  faulty  shot-hole  wire  will  prevent  all  the  others  being  fired, 
and  cause  what  is  termed  a  misfire ;  but  by  testing  the  exploders  previous 
to  inserting  them  in  the  shot-hole  the  risk  of  the  defect  mentioned  may  be 
reduced  to  a  minimum. 

(2.)  Paralld  Circuit — ^The  mode  of  connecting  the  wires  in  parallel  or 
•direct  circuit  is  shown  in  fig.  84 ;  the  wires  of  each  shot-hole  are  in  direct 
communication  with  the  cables,  and  as  they  are  independent  of  each  other, 
they  are  free  from  the  disadvantage  incidental  to  the  series  method  of 
forming  the  connections.  The  great  amount  of  wire  necessary  to  form  the 
connection  by  this  system,  especially  when  there  are  a  considerable  number 
<>i  shot-holes  to  be  fired,  increases  the  cost  of  the  operations  considerably. 
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Fio.  84.— Connecting  the  shot-holes  in  parallel. 

The  connecting  wires,  instead  of  being  placed  so  as  to  take  the  circuitous 
-direction  indicated  in  fig.  84,  may  be  arranged  in  straight  line  between 
the  shot-holes  and  the  ends  of  the  cable  wire.  They  must,  however,  be  kept 
entirely  separate  from  each  other  in  order  to  avoid  complications,  and  the 
bare  parts  must  be  properly  protected  to  ensure  perfect  insulation. 

(3.)  Series  and  Parallel  Circuit — The  other  method  which  may  be 
adopted  is  a  combination  of  the  series  and  parallel  circuits;  this  arrange- 
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ment  is  Bhown  at  fig.  85.  It  will  be  obeerved  that  ahoald  a  defective 
detonator  exist  in  the  front  row  of  shot-holes  a  b^  none  of  the  others  m 
that  row  can  be  fired ;  oonseqnently,  the  back  row  of  shot-holes,  if  they  ar^ 
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Fjo,  86. — Connecting  the  shot-holes  in  series  and  parallel. 

in  order,  will  be  exploded.  The  force  exerted,  however,  will  not  be- 
sofScient  to  dislodge  the  rock  in  front,  which,  had  the  charges  in  all  the 
shot-holes  been  exploded  simultaneously,  would  have  been  effected. 

207.  Gonnecting  to  Gables  and  TerminalB  of  the  Blasting  Machine. — 
A  wire  from  each  of  the  detonators  in  the  shot-holes  nearest  to  the  blasting 
machine  is  connected  to  the  ends  of  the  cable;  and  the  other  wire,  as- 
already  explained,  is  connected  to  the  next  shot-hole  wire  when  in  series,, 
and  to  the  other  cable  when  the  parallel  circuit  is  adopted. 

The  double  cable  is  preferable  for  open  quarry  blasting;  when  high- 
tension  detonators  are  employed  the  material  of  which  the  wires  are  com- 
posed is  of  little  importance ;  it  may  be  of  iron.  For  low-tension  detonators- 
the  leading  wires  or  cables  are  made  of  copper,  and  of  a  comparatively  large 
section,  so  as  to  admit  of  as  small  a  line  resistance  to  the  current  as  possible. 
They  are  protected  by  gutta-percha  or  other  suitable  insulating  composition, 
and  for  convenience  in  using  and  storing  should  be  wound  on  a  reeL  This 
is  a  matter  of  some  importance,  as,  when  a  cable  is  used  without  such  an 
accessory,  the  time  lost  and  the  trouble  occasioned  by  the  wires  becoming  a 
tangled  mass  is  very  great,  and  result  in  the  insulation  being  destroyed,  and 
possible  damage  to  the  wires.  As  the  blasting  depends  on  a  thoroughly 
efficient  metallic  circuit  it  is  necessary,  before  using  the  cables  in  actual 
work,  to  test  this  by  attaching  them  to  the  blasting  machine  and  holding  the 
free  ends  together,  when,  if  they  are  in  good  order,  a  spark  will  appear  on 
the  current  being  sent  through  the  cable  wires. 

208.  Firing  or  Blasting  Machines.  —  Machines  for  exploding  the 
detonators,  and  consequently  detonating  the  charge  in  the  bore-hole,  are,  as- 
may  be  inferred,  of  two  kinds.  The  blasting  machine  for  firing  tension 
detonators  must  be  capable  of  producing  a  high  tension  or  voltage,  this  being 
necessary  to  decompose  the  priming  compound  contained  in  the  cap  or 
detonator.  The  chief  advantage  of  this  class  of  blasting  machine  is  the  small 
effect  of  line  resistance  upon  the  current^  in  consequence  of  which  the 
charges  in  the  shot-holes  may  be  situated  at  a  relatively  great  distance  from* 
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the  blasting  Diachine*  As  there  is  no  possibility  of  testing  high  tension 
detonators  except  in  actual  blasting,  it  is  usual  to  connect  or  couple  up  the 
shot-holes  in  parallel,  so  that  each  may  be  independent  of  the  other ;  this 
minimises  the  trouble  which  may  be  experienced  from  a  misfire  should  a 
faulty  detonator  happen  to  be  in  the  circuit. 

All  the  wires  connecting  the  blasting  machine  and  the  detonators  in  the 
shot-holes  must  be  perfectly  insulated,  however,  as  the  smallest  leakage  of  the 
electric  current  will  greatly  reduce  the  useful  effect  in  blasting,  and  possibly 
lead  to  total  failure.  The  high  tension  type  of  blasting  machine  is  much 
employed  in  mines,  and  in  single-shot  firing ;  those  principally  used  in  this 
country  are  known  as  the  '  Rackbar  Exploder '  (Smith's),  and  the  <  Siemens' 
Exploder.'  The  Rackbar  blastiug  machine,  weighing  42  lbs.,  is  capable  of 
exploding  simultaneously  twenty-six  high  tension  detonators  in  parallel. 
The  Siemens'  Exploder  can  only  be  used  for  firing  high  tension  detonators, 
and  is  made  of  different  sizes.  The  smallest  size,  100  yolts,  weighs  8^  lbs., 
and  can  fire  sixteen  detonators,  while  the  largest  size,  having  four  times  that 
voltage,  and  weighing  21  lbs.,  can  fire  twenty-five  high  tension  detonators. 

For  general  quarry  operations,  however,  the  low  tension  system  of  blast- 
ing is  in  most  favour,  and  possesses  many  points  of  great  superiority  com- 
pared with  that  of  high  tension  '  exploders.'  Low  tension  detonators  possess 
the  advantage  that  they  can  be  tested,  previous  to  being  inserted  iu  the  shot- 
hole,  by  means  of  an  electric  galvanometer  or  by  an  electric  fuse  and  blast 
tester.  There  is  also  the  additional  advantage  that  the  whole  charge  can 
be  tested  by  a  weak  current  of  electricity  before  connecting  the  leading  wires 
to  the  blasting  machine. 

This  testing  machine  is  of  great  convenience,  for,  although  detonators  are 
now  manufactured  with  great  care,  and  seldom  cause  a  misfire  when  proper 
care  is  exercised  in  handling  them,  still  a  detonator-testing  machine  is  a  valu- 
able accessory  to  a  blasting  outfit,  and  its  use  may  save  considerable  trouble 
and  expense. 

It  is  not  of  great  importance  that  the  wires  for  blasting  on  the  low 
tension  system  should  be  thoroughly  insulated,  as  bare  wires  are  often  used ; 
but  in  damp  places  it  is  advisable  to  employ  insulated  wire,  and  to  cover  the 
joints  or  places  where  the  connecting  wires  are  coupled-up  to  avoid  any 
possible  escape  of  the  electricity.  The  line  resistance  in  connection  with 
blasting  machines  generating  a  low  tension  current  necessitates  the  employ- 
ment of  copper  wire  (as  already  mentioned)  for  the  cables,  which  need  not 
be  of  great  length  for  ordinary  quarry  work.  The  length  of  the  leading 
and  connecting  wires  has  a  considerable  infiuence  on  the  total  resistance  in 
the  circuit,  consequently  as  this  becomes  greater  the  number  of  shot-holes 
which  can  be  fired  effectively  will  become  less. 

It  is  therefore  usual  to  connect  the  shot-hole  wires  in  series,  because,  as 
the  detonators  can  be  tested  prior  to  the  blasting  taking  place,  there  is  but  a 
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small  chance  of  a  misfire.  When  the  means  of  testing  the  detonators  are 
not  at  hand  the  wires  may  be  coupled-up  in  parallel,  bat  of  course  a  less 
number  of  shot-holes  can  then  be  fired  simultaneously. 

209.  The  principal  blasting  machines  for  firing  low  tension  detonators 
used  in  this  country  are  *  Siemens'  Exploder,'  *  Rackbar  Exploder '  (Smith's 
Blasting  Machine),  *  Crescent,'  and  *  Victor.' 

The  Backbar  exploder  or  Smith's  blasting  machine,  already  mentioned,  is 
extensively  used  in  this  country.  It  is  a  very  serviceable  machine,  the  largest 
size  being  capable  of  firing  twenty-six  high  tension  or  thirty-five  low  tension 
detonators;  it  is  of  simple  construction,  and  very  effective  when  properly 
manipulated.  The  Crescent  blasting  machine  is  of  strong  construction,  and 
although  of  considerable  weight  it  is  a  very  effective  machine,  being  capable  of 
firing  thirty-five  shot-holes  simultaneously.  This  is  the  only  electric  blasting 
machine,  so  far  as  the  author  is  aware,  which  discharges  a  uniform  current 
of  electricity  on  every  occasion,  no  matter  who  may  operate  it.  To  obtain 
the  best  possible  results  with  the  other  machines  mentioned  the  operator 
must  have  had  some  previous  experience,  as  it  is  possible  to  give  a  weak 
or  a  strong  current  at  will,  or  by  improper  manipulation.  Even  those 
experienced  have  difficulty  at  times  in  operating  these  machines  so  as  to 
discharge  exactly  the  same  quantity  of  current  at  each  operation. 

210.  Figs.  86,  87  illustrate  the  interior  construction  of  a  Smith's  or 
Rackbar  blasting  machine,  which,  for  effective  working,  compares  favourably 
with  any  of  the  others,  while  the  small  size  and  moderate  weight  are  greatly 
in  its  favour. 

They  all  depend  on  the  manner  in  which  the  electric  current  is  generated, 
which  is  practically  the  same  as  in  a  dynamo. 

The  iron  magnet  A  is  of  the  horse-shoe  type,  wound  about  with  coils 
of  insulated  copper  wire,  and  between  the  poles  of  the  magnet  there  is  a 
revolving  cylindrical  armature  B,  on  the  body  of  which  insulated  wire  is 
coiled  longitudinally.  The  rapid  revolution  of  the  armature  generates  and 
sustains  in  the  machine  an  accumulative  current  of  electricity  of  great  power, 
which  at  the  moment  of  its  maximum  intensity  is  switched  off  to  the  outside 
circuit,  in  which  are  the  detonators.  C  is  a  loose  pinion,  its  teeth  engaging 
with  the  rackbar  G,  and,  by  a  clutch,  engaging  with  the  spindle  of  the  arma- 
ture in  the  downward  stroke  of  the  rackbar.  D  is  a  spring  which,  when 
struck  by  the  foot  of  the  descending  rackbar,  breaks  the  contact  between  two 
small  platinum  bearings  E,  and  causes  the  whole  current  of  electricity  to 
pass  through  the  outside  circuit.  F  is  the  commutator,  while  at  H  are  shown 
the  binding-posts  or  screws,  to  which  the  cables  are  attached.  These 
machines  are  sometimes  made  with  three  wire  connections,  namely,  two 
out-current  wires  and  one  in-current  or  return  cable.  It  is  claimed  that 
more  effective  work  is  performed  by  machines  possessing  this  arrangement, 
but  as  yet  few  of  them  are  in  actual  use. 
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211.  Final  Arraogements  for  Blasting. — ^The  final  arrangement  neces- 
sary to  be  made  in  carrying  out  the  blasting  is  to  place  the  machine  at  a  safe 
distance  from  the  quarry  face,  so  that  the  operator  and  the  machine  itself 
will  be  out  of  reach  of  any  pieces  of  rock  which  may  accidentally  be 
projected  from  the  shot-holes  when  the  charges  are  exploded.  In  most  cases 
100  to  150  yards  is  a  safe  distauce,  aud  pi'ovided  the  bore-holes  are  deep  and 
the  tamping  is  properly  executed,  there  is  little  chance  of  any  mishap 
occurring  at  this  distance.  In  blasting,  the  rock  operated  on  falls  or  is 
thrown  in  the  direction  of  the  least  resistance,  that  is,  from  the  rock  mass 


Figs.  86,  87.— Sections  of  Smith's  blasting  machine. 

towards  the  open  portion  of  the  quarry.  The  blasting  machine,  therefore, 
should  be  placed  in  a  position  opposite  in  direction  to  that  in  which  a  rock 
mass  IB  expected  to  fall,  so  as  to  ensure  its  being  placed  in  the  least  exposed 
situation.  It  is  always  necessary  to  bear  in  mind  that  from  some  cause  or 
other  a  few  detached  pieces  of  rock  may  be  projected  upwards  in  an  inclined 
direction ;  therefore,  when  consistent  with  the  preceding  observations,  it  is 
advisable  to  locate  the  position  of  the  blasting  machine  so  that  the  operator's 
view  of  the  quarry  will  not  be  interrupted  by  the  sun's  rays. 

The  cables  are  then  connected  to  the  binding-posts  or  thumb-screws  of 
the  blasting  machine,  the  workmen  are  ordered  to  retire  to  a  place  of  safety. 
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everything  is  made  ready,  and  the  eoetomary  ngnala  are  ezdianged.  The 
handle  or  lackbar  is  then  pnt  in  operation,  and  the  requisite  electrical 
current  generated,  which  is  switched  off  into  the  circuity  when,  if  everything 
is  in  proper  order,  a  simnltaneons  explosion  will  be  the  resnlt,  accompanied 
\jf  a  low  rumbling  noise  which  indicates  effective  work. 

212.  As  a  subetitute  for  electrical  firing,  friction  fuses  have  been  em- 
ployed at  times,  and  also  instantaneous  fuses ;  the  latter  are  still  much  used 
in  some  of  the  large  quarries  in  £ngland  and  Wales. 

218.  The  instantaneous  fuses  or  volley-firers  made  by  the  firm  of  Beck- 
ford,  Smith  &  Co.,  of  Tuckingmill,  which  are  claimed  to  act  simultaneously, 
differ  from  this  firm's  ordinary  safety  fuse  in  having  a  core  of  cotton  wick 
which  has  been  drawn  through  a  paste  of  meal  powder,  instead  of  a  powder 
train.  When  it  is  desired  to  fire  several  shots  by  means  of  this  fuse,  the 
required  number  are  inserted  into  a  tin  socket  or  volley-firer,at  one  end  of  which 
is  a  plug  of  wood  perforated  to  receive  the  time-fuse  for  igniting  the  instan- 
taneous fuses  leadiDg  to  the  shot-holes,  and  all  the  shot-hole  fuses  are  con- 
centrated in  the  receptacle  and  brought  into  contact  with  the  disc.  A  gun- 
powder disc  is  placed  against  the  plug,  the  whole  being  insulated  with 
gutta-percha.  The  instantaneous  fuse  burns  at  the  rate  of  50  yards  per 
second,  and  for  open  quarry  work  the  IVpattern  of  volley-firer  is  generally 
made  use  of  when  the  fuse  is  of  any  length. 

These  fuses  have  to  be  specially  made  when  the  number  of  the  shots  and 
the  dbtance  apart  is  great,  which  particulars  must  be  ascertained  some  time 
previous  to  the  blast  taking  place.  As  a  matter  of  convenience,  they  are 
generally  made  up  and  connected  by  the  makers  at  their  works. 

This  method  of  firing  may  be  approximately  simultaneous  for  a  few  shot- 
holes,  but  when  a  large  number  are  intended  to  be  ignited  at  once,  the  vary- 
ing lengths  of  the  patent  fuse  must  necessarily  mean  a  difference  of  time, 
and  although  to  all  appearance  the  explosion  is  simultaneous,  it  is  evident 
that  a  few  seconds  must  elapse  between  the  actual  explosion  of  several  of 
the  charges.  With  electrical  firing  this  is  not  so,  as  the  current  must  pass 
from  the  blasting  machine  through  the  outer  circuit  and  return  to  it  again 
before  all  the  detonators  can  be  exploded.  For  quarrying  in  mines  and 
tunnels  Beckford's  patent  fuse,  when  a  limited  number  of  shot-holes  are 
to  be  fired,  may  be  adopted  with  great  advantage. 

214.  Misfires. — Should  a  misfire  occur,  which  unfortunately  happens 
sometimes  in  practice,  it  may  be  traced  to  various  causes,  such  as  (1)  a 
defective  detonator,  (2)  faulty  shot-hole  wires,  brought  about  by  careless 
handling,  (3)  the  weakness  of  the  current  generated  by  the  blasting  machine. 
The  first  two  causes  should  not  occur  in  low  tension  blasting,  as  they  are 
discoverable  by  testing  previous  to  firing.  The  best  way  of  guarding 
against  the  third  cause  is  not  to  have  more  shot-holes  than  the  machine  will 
fire  with  certainty. 
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The  maimer  in  which  a  imsfired  shot-hole  may  be  relieved,  on  operation 
not  wholly  free  from  danger,  is  to  remove  a  small  qoantity  of  the  tamping, 
insert  another  one  or  two  detonators,  re-tamp  with  cky,  and  iire  in  the 
ordinary  manner.  The  vibration  or  detonation  of  the  newly  inserted  detona- 
tors gives  rise  to  a  sharp  shock,  which  may,  and  does  at  times,  canse  the 
charge  to  explode. 

Should  this  means  fail,  and  should  it  be  absolutely  necessary  to  explode 
the  charge,  then  the  tamping  must  be  extracted,  a  process  requiring  great  can- 
tion,  perseverance,  and  time.  When  the  tamping  forming  the  cushion  on 
the  top  of  the  explosive  is  reached,  another  detonator  is  inserted  and  the 
shot-hole  re-tamped;  on  the  charge  being  connected,  it  will  in  all  proba- 
bility be  exploded.  Another  method  of  attaining  the  same  object  is  to  drill 
another  bore-hole  a  few  feet  distant  from  the  misfired  one,  and  to  a  depth 
which  will  nearly  reach  the  level  of  the  top  of  the  explosive  in  the  hole 
which  has  failed  to  go  off.  This  new  bore-hole  is  then  charged  and  fired, 
the  loose  rock  carefully  removed  until  the  charge  in  the  misfired  shot-hole  is 
reached,  when  by  inserting  another  detonator  and  connecting  the  wires  to 
the  blasting  machine,  the  charge  can  be  fired. 

When  a  bore-hole  charged  with  blasting  powder  fails  to  explode,  the 
cause  may  be  traced  to  some  inherent  defect  in  the  fuse  itself,  or  to  its 
having  been  damaged  during  tamping  operations.  The  only  means  of 
rectifying  this  is  to  remove  the  tampiug  material,  and  to  apply  another  piece 
of  fuse,  whereby  the  ignition  and  explosion  of  the  charge  will  in  all  proba- 
bility be  effected. 

215.  Becording  Charging  Operations. — It  is  obviously  most  essential  in 
quarrying  operations,  to  record  reliable  data  respecting  the  charging  of  the 
bore-holes.  The  depth  from  the  surface  of  the  rock  to  the  top  of  the  ex- 
plosive in  any  particular  bore-hole  being  known,  the  preceding  operations  in 
connection  with  a  misfired  shot-hole  are  possible,  but  when  snch  information 
is  wanting,  it  adds  considerably  to  the  difficulty,  and  may  be  the  means 
of  introducing  an  unnecessary  element  of  danger  during  the  operations. 

216.  General  Deductions.— The  following  observations  will  indicate  the 
superior  economy  and  safety  of  machine-drilling  combined  with  electrically 
fired  high-grade  explosives  over  the  old  method  of  blasting  powder  ignited 
by  safety  fuses,  which  is  still  used  in  some  quarrying  operations. 

Deep  holes  tend  to  economy  in  drilling,  if  properly  placed  as  regards 
position  and  direction,  while  the  charges  of  the  explosives  when  determined 
according  to  the  proportion  of  rock  to  be  dislodged,  ensure  useful  work  being 
accomplished. 

The  method  usually  followed  of  simply  guessing  what  amount  of  explo- 
sive should  be  used  to  loosen  a  piece  of  rock,  is  wasteful  in  most  cases, 
while  the  results  obtained  are  variable  and  generally  unsatisfactory.  It  may 
happen  that  an  insufficient  charge  is  made  use  of,  dislodging  the  mass  of 
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rock  in  large  blocks ;  this  necessitates  a  considerable  amount  of  additional 
labour,  in  order  that  they  may  be  reduced  to  a  proper  size.  On  the  other 
hand,  an  excessive  amount  of  explosive  may  be  placed  in  the  shot-hole, 
which  will  reduce  the  mass  of  rock  to  such  a  size  as  to  entail  considerable 
loss,  owing  to  its  being  unnecessarily  shattered.  Another  result  of  over- 
charging, and  which  happens  in  the  majority  of  such  cases,  is  brought  about 
by  the  gases  expanding,  and  (owing  to  the  small  resistance  offered)  throw- 
ing the  shattered  rock  in  all  directions,  even  beyond  the  limits  of  the  quarry. 
This  necessitates  its  being  collected  and  removed,  and  adds  to  the  cost  of 
the  operations.  It  will  be  obvious  from  these  observations  that  in  order 
to  properly  estimate  the  amount  of  explosive  necessary  for  dislodging  a  mass 
of  rock  it  is  essential  to  observe  the  directions  of  the  fissures  and  determine 
the  approximate  charge  from  actual  measurement  of  the  cubical  contents  of 
the  mass  of  rock  to  be  dislodged.  The  methodical  procedure  of  the  experi- 
enced blaster  always  conduces  to  economy. 

The  simultaneous  firing  of  the  shot-holes  reduces  the  total  amount  of 
work  necessary,  a  less  number  being  required ;  and,  as  compared  with 
single-shot  firing,  there  is  a  corresponding  reduction  in  the  quantity  of 
explosive  for  a  given  quantity  of  rock  to  be  dislodged,  which  means  a  great 
saving  of  expense. 

Vertical  holes  should  always  be  put  down  when  possible,  as  the  amount 
of  explosive  necessary  to  break  up  the  rock  into  suitable  pieces  is  consider- 
ably less  for  vertical  than  for  bottom  or  breast  bore-holes.  When  a 
quarry  face  is  of  considerable  height,  it  will  be  more  economical  to  work 
it  in  benches  or  terraces,  varying  from  15  to  20  feet  deep  and  12  to  16 
feet  wide,  and  by  drilling  vertical  bor^-holes. 

There  is  no  such  a  thing  as  *  hanging  fire '  when  an  electrical  current  is  used 
as  a  means  for  firing  the  charges.  If  the  shot-holes  do  not  go  off  when  the 
bl&sting  machine  is  operated,  the  men  can  at  once  approach  the  quarry  face 
with  absolute  safety,'  the  only  precaution  necessary  to  be  observed  being  to 
disconnect  one  of  the  cable  wires  in  certiiin  blasting  machines,  or  to  remove 
the  handle,  which  should  be  retained  by  the  operator.  This  precaution, 
during  the  temporary  absence  of  the  man  in  charge,  prevents  the  machine 
being  tampered  with  and  a  possible  accident,  which  is,  however,  a  very 
remote  contingency. 

With  safety  fuse  it  is  otherwise,  as  almost  all  the  accidents  in  connection 
with  such  blasting  operations  are  brought  about  by  their  proving  defective 
in  some  way  or  other.  This  fault  may  cause  the  fuse  to  '  hang  fire,'  and 
the  workmen,  probably  after  waiting  for  ten  or  fifteen  minutes,  approach 
the  quarry  face,  when  without  warning,  as  has  happened  times  without  number, 
the  charge  explodes  and  the  result  may  terminate  fatally  for  those  in  close 
proximity.  It  requires  but  little  reflection  to  understand  that  blasting  by 
means  of  electricity  is  highly  conducive  to  the  safety  of  the  men  employed. 
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which  is  a  feature  la  itself  sufficiently  important  to  make  its  application 
universal.  When  a  large  number  of  shot-holes  are  fired  with  safety  fuse, 
and  the  contingency  of  misfires  almost  inseparable  from  this  method  of 
blasting  is  considered,  it  will  be  obvious  that  an  excessive  amount  of  time 
is  lost  each  day.  In  quarries  from  which  large  quantities  of  material  are 
turned  out,  the  time  thus  lost  would  be  entirely  obviated  by  electrically 
blasting  the  rock. 

The  method  by  which  the  bore-holes  are  drilled,  the  shot-holes  charged 
and  tamped,  and  the  blasting  carried  out,  having  been  fully  described,  it 
now  remains,  so  far  as  these  operations  are  concerned,  to  ascertain  what 
the  cost  of  quarrying  amounts  to  per  ton  of  rock  dislodged.  The  tirring 
or  stripping  may  vary  considerably,  and  the  price  for  this  work  per  ton 
of  rock  quarried  will  depend  on  the  height  of  the  quarry  face  in  relation 
to  that  of  the  depth  of  tirr  or  overburden  removed. 

217.  Gost  of  Workmg  Bock  Drills. — The  author  has  found  from  experi- 
ence, taking  the  work  performed  by  a  rock  drill  when  boring  from  35  to 
42  feet  of  2|-inch  holes  each  day,  that  the  rock  after  blasting  and  weighing 
averages  from  250  to  300  tons.  In  other  words,  each  14-foot  bore-hole, 
when  blasted,  produces  about  100  tons  of  rock.  From  these  data  it  can  be 
easily  ascertained  what  the  cost  of  drilling  amounts  to,  and  from  that  the 
price  per  ton  of  rock  quarried  may  be  deduced. 

Tirring  or  stripping  may  be  taken  at  0'68d.  per  ton  of  rock  quarried. 


Table  XX. 

Cost  of  working  rock  dnll  per  day  of  nine  hours. 

Engine  or  boiler  for  generating  steam,  and  attendant 

(hired),  lis.;  coals,  6  cwt.  at  128.  per  tou-Ss.  7d.,     . 
Drill-runner,  4b.  2d.;  assistant,  Ss.  6d., . 
Dressing  and  tempering  drill-bits,  4d.  to  6d.,  according 

to  their  condition,  each  drill-bit  boring  on  an  average 

4  feet  before  it  requires  to  be  dressed,  .... 

Oil  and  waste  for  drill  only, 

Team  work,  carting  coals  and  water  for  engine,  and  the 

drill-bits  to  and  from  the  smithy,  proportion  of  day's 

work 

Repairs,  depreciation,  and  tools,  allow     .... 

Total, 

Taking  the  amount  of  rock  produced,  after  blasting,  as  250  tons  for 
each  day's  work,  it  will  be  found  that  the  drilling  operations  cost  r65d. 
per  ton.  If  the  quantity  be  taken  at  300  tons  for  a  day's  work,  then  the 
cost  for  drilling  will  be  r38d.  per  ton.      Each  foot  of  bore-hole  drilled. 
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taking  35  feet  as  a  day's  work  and  the  working  expenses  as  above  stated,  is 
found  to  be  ITSOd.  or  nearly  one  shilliug;  while  if  42  feet  per  day  is  taken 
it  equals  9 '83d.  per  foot  of  hole  of  the  diameter  stated. 

In  quarries  where  drilling  operations  are  carried  on  nearly  every  day 
during  the  year,  the  cost  of  providing  the  motive  power  may  be  consider- 
ably reduced.  The  team  work  is  dispensed  with  when  the  supply  of  water 
is  conveniently  near,  while  the  proximity  of  a  smithy  further  tends  to 
reduce  working  expenses ;  but  these  items  of  expenditure  are  inseparable 
from  the  operations  carried  on  under  the  conditions  mentioned  in  the 
preceding  paragraphs. 

A  smith  who  has  some  experience  in  dressing  and  tempering  drill-bits 
will  perform  the  work  more  expeditiously,  and  the  results  will  be  better 
than  where  the  work  is  done  by  one  only  occasionally  employed  in  this 
class  of  work.  The  price  for  dressing  a  drill-bit  under  the  circumstances 
mentioned  need  not  exceed  4d.  each,  provided  they  are  only  moderately 
dulled,  but  it  may  be  6d.  if  the  drill-bit  requires  more  labour  to  bring  it  into 
proper  shape. 

The  cost  of  explosives  varies  according  to  the  class  made  use  of,  but 
taking  dynamite  containing  75  per  cent  of  nitro-glycerine  as  that  used  in 
charging  the  bore-holes,  the  price,  when  obtained  in  small  quantities  for 
blasting  one  quarry,  aud  where  it  is  intended  to  dislodge  about  1000  tons 
of  rock,  may  cost  as  much  as  Is.  3d.  per  lb. 

218.  The  conveying  of  the  explosive  from  some  local  magazine  to  the 
quarty  where  it  is  to  be  used,  and  thawing  it  when  frozen,  will  increase  the 
price  by  at  least  one  penny  before  it  can  be  placed  in  the  bore-hole,  and 
bring  the  total  cost  to  Is.  4d.  per  lb. 

Dynamite,  aud  indeed  all  explosives,  when  purchased  in  large  quantities 
of  say  1000  Iba.  aud  upwards,  can  be  obtained  at  a  considerably  less  cost, 
in  some  cases  to  the  extent  of  35  per  cent.  Economy  and  convenience 
will  therefore  be  secured  by  having  a  suitable  store  or  stores  situated 
centrally  in  the  district,  from  which  the  different  quarries  can  be  supplied. 
A  description  and  drawings  of  a  mixed  store  for  this  purpose  will  be 
found  at  the  end  of  this  chapter.  By  having  a  store  for  keeping  the 
explosives  required  the  dynamite  of  the  grade  mentioned  can  be  pur- 
chased, when  taken  in  large  quantities,  for  about  9^d.  per  lb.  delivered 
at  the  store.  When  the  building  is  situated  centrally  the  cost  of  con- 
veying the  explosive  is  reduced  considerably  in  the  majority  of  cases, 
and  an  allowance  of  one  halfpenny  per  lb.  will  cover  the  outlay  for  this, 
and  also  for  the  time  occupied  in  thawing  the  explosive,  should  it  be 
frozen. 

219.  One  pound  of  this  grade  of  dynamite,  as  has  already  been  pointed 
out,  will  throw  and  break  up  14  tons  of  rock  when  the  shot-holes  are  fired 
simultaueously  by  electricity,  but  allowing  12  tons  of  rock  to  each  pound 
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of    explosive  used,   the  cost  will  thus  be  0*84d.  for  each  ton  of  rock 
dislodged. 

220.  The  cost  of  the  electric  platinum  detonators,  containing  a  charge  of 
about  15  grains  and  having  shot-hole  wires  10  feet  long,  including  con- 
necting wire  (which  can  be  used  again  if  not  destroyed  during  the  blasting 
operations),  may  be  taken  at  2d.  for  each  shot-hole,  or  0*02d.  per  ton  of 
rock  dislodged.  The  time  occapied  in  charging  the  shot-holes,  fixing  the 
detonators  in  the  primers,  tamping,  and  connecting  the  shot-hole  wires, 
varies  considerably.  If  the  bore-holes  are  in  solid  rock,  little  trouble  will 
be  experienced  in  carrying  out  these  different  operations ;  in  seamy  rock, 
however,  the  time  necessary  to  carefully  and  properly  perform  the  charging 
and  tamping  will  be  greatly  increased.  Taking  an  average,  experience  shows 
that  the  whole  operation  occupies  four  men  (two  pumping  out  the  bore- 
holes and  conveying  the  explosive  to  the  other  two  men  charging)  one  hour 
for  every  40  lbs.  of  explosive  stemmed  in  the  bore-hole,  ready  for  blasting, 
including  all  the  other  necessary  work  involved.  Five  shot-holes  can, 
on  an  average,  be  completed  in  an  hour;  so  that^  allowing  for  coupling- 
up  the  connecting  wires  and  cables,  an  inclusive  sum  of  4^d.  to  5d.  may 
be  taken  as  representing  the  cost  for  this  work  for  each  bore-hole.  This 
is  equal  to  0'06d.  per  ton  of  rock. 

221.  Sledging  the  Bock  for  Hand  or  Machine  Breaking.— The  last 
operation  consists  of  mashing  or  sledging  the  larger  pieces  of  rock  small 
enough  to  suit  the  hand-breakers  for  producing  road  metal  or  for  a  breaking 
machine,  the  general  size  being  about  16  inches  by  9  inches.  The  price  per 
ton  for  this  work  depends  upon  the  ease  with  which  the  rock  can  be  broken. 
The  quantity  of  rock  of  a  siliceous  nature  which  one  man  can  sledge  in 
a  day  of  nine  hours,  including  a  large  proportion  of  rock  already  small 
enough,  is  on  an  average  about  20  tons ;  so  that  the  cost  would  be  2^d.  per 
ton  quairied.  Should  the  rock  be  of  a  very  tough  nature,  and  especially 
if  it  is  in  large  blocks,  the  yield  per  day  may  only  amount  to  12  tons. 
Au  average  of  these  quantities,  namely,  16  tons,  fairly  represents  an  ordinary 
day's  work  by  one  man.  When  vertical  bore-holes  alone  are  drilled,  the 
cost  of  sledging  is  materially  reduced,  by  reason  of  the  mass  of  rock  falling 
to  the  quarry  floor  being  broken  into  smaller  blocks. 

The  cost  of  sledging,  therefore,  allowing  3s.  8d.  per  day  for  each  man 
engaged  in  this  work,  and  including  an  allowance  for  tools  and  repairs, 
amounts  to  2-75d.  per  ton. 

222.  All  the  items  summarized  for  the  different  operations  involved 
in  quarrying  the  rock  to  a  size  suitable  for  a  16  inches  by  9  inches  stone- 
breaking  machine  are  as  follows : — 
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Table  XXI. 

Co8t  of  quarrying  rock  per  ton,  including  mashing  or  sledging. 

Pence  per  ton. 

Tirring  or  stripping 0*68 

Drilling,  including  repairs  and  depreciation,  .  1*65 

Explosives, 0'84 

Detonators  and  connecting  wire, 0*02 

Time  occupied  in  charging  the  shot -holes,  fixing  the  de- 
tonators,   tamping,    connecting    the    shot  •  hole    wires, 

arranging  the  cables,  etc., 0*06 

Mashing  or  sledging, 2*75 

Cost  per  ton,  .        6*00 

From  this  summary  it  is  apparent  that  the  cost  of  sledging  is  relatively 
high  compared  with  that  of  explosives.  The  great  object  to  be  attained  is 
the  use  of  just  a  sufficient  amount  of  explosive  so  as  to  save  after  manipula- 
tion, but  at  the  same  time  overcharging  the  bore-holes  should  be  avoided, 
which,  besides  scattering  the  rock  about,  reduce  it  in  many  instances  to  a 
size  too  small  for  the  purpose  intended. 

In  quarries  where  'sets*  of  stone-breaking  machines  are  used  it  is  usual 
to  have  one  at  least  of  these,  generally  known  as  a  reducing  machine,  work- 
ing in  connection  with  two  or  more  ordinary  macadam  breakers.  Under 
these  conditions  the  cost  of  sledging  is  considerably  reduced,  as  the  rock 
does  not  require  to  be  broken  up  to  the  size  mentioned,  and  it  may  happen 
that  the  cost  for  this  item  disappears  altogether. 

223.  Actual  Cost  of  Quarrying  in  Boad-stone  Quarries. — Referring 
now  to  the  results  obtained  in  every-day  practice,  the  following  particulars  are 
given  for  three  different  quarries  from  which  material  is  taken  for  macadam- 
izing purposes : — 

Road-stone  quarry  No,  1. 

Fig.  68,  p.  137,  shows  the  position  and  direction  of  the  bore-holes,  the 
height  of  the  quarry  face  being  27  feet  at  one  end  and  40  feet  at  the  other 
end.  The  rock  is  of  a  highly  siliceous  nature  and  very  seamy  in  parts, 
while  about  60  per  cent,  of  the  total  amount  of  rock  quarried  is  of  a 
very  hard  and  solid  nature.  The  quantity  of  material  required  was 
4000  tons. 

The  total  cost  of  tirring,  drilling,  etc.,  is  given  in  detail,  and  the  relative 
cost  of  each  item  is  also  shown,  the  actual  amount  of  rock  quarried  being 
4158  tons. 
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Table  XXIL 

Actml  Cost  of  quarrying  in  road-etone  quarry 

No.  1, 

including  sledging. 

Working 

Cost  per  Ton 

Ezpensea 

Quarried. 

Tirring  or  stripping,      .... 

£85  11    1 

2-05 

DrilliDg,  including  traction-engine  for 

generating  steam  (hired),  coals,  water, 

dressing   drill -bits,    depreciation    of 

drill,  etc.,- 

80  11    8 

1-77 

Blasting— explosive  (dynamite),  detona- 

tors, supplying  and  ooupling-up  the 

wires,  and  time  occupied  in  charging 

and  tamping  the  shot-holes, 

16    5    9 

0-94 

Sledging, 

47    9    4 

2-74 

Total  cost, 

£129  17    5 

or    7*50d.  perton. 

This  is  at  the  rate  of  7^d.  per  ton  of  rock  reduced  to  a  suitable  size 
ready  to  be  wheeled  on  to  the  platform  of  the  stone-breaking  machine. 

It  will  be  observed  that  the  stripping  is  relatively  high.  This  was 
brought  about  by  the  earth  having  to  be  shot  over  the  face  of  the  rock  and 
carted  a  distance  of  over  100  yards.  A  considerable  number  of  trees  had 
also  to  be  removed,  the  expenditure  incurred  being  included  in  this  item. 
The  cost  of  the  drilling  operations  includes  the  boring  of  breast-holes  work- 
ing from  a  staging ;  three  days  were  lost  owing  to  rain-storms,  the  quarry 
being  in  a  very  exposed  situation. 

Road-stone  quarry  No,  2. 
224.  Fig.  74,  p.  150,  shows  the  position  and  direction  of  the  bore-holes^ 
the  average  height  of  the  quarry  face  being  about  22  feet     The  rock  is  of  a 
hard  and  tough  nature,  and,  although  seamy  in  places,  it  is  of  a  fairly  solid 
character.     The  quantity  of  material  required  was  3400  tons. 

The  total  expenditure  incurred  in  this  quarry  is  tabulated  similarly  to 
that  of  the  previous  case,  the  actual  amount  of  rock  quarried  being  3475 
tons. 

Table  XXIII. 

Actual  Cost  of  quarrying  in  road-atone  quarry  No,  2, 
including  sledging, 

"Working  Cost  per  Ton 
Expenses.  Quarried. 
Tirring  or  stripping,      ....         £10    0    0  0*69 
Drilling,  including  engine  (road  roller), 
coals,  water,  dressing  drill-bits,  depre- 
ciation, etc., 19    5    0  1*83 

Carry  forward,  £29    5    0  2  02 
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Working 

Cost  per  Ton 

Expenses. 

Quarried. 

Brought  forward,  .        • 

£29    5    0 

2-02 

BlMting— explosive  (dynamite),  detoiiA- 

tora,  supplying  and  oonpling-up  the 

wirea,  and  time  occupied  in  charging 

and  tamping  the  shot-holes, 

15    1    8 

105 

Sledging 

89    0    0 

2-69 

Total  cost, 

£88    6    8 

or    576d.  perton. 

The  tirr  iu  this  quarry  was  deposited  about  25  yards  from  the  working 
face  by  means  of  wheelbarrows.  The  cost  of  the  drilling  is  under  that  of 
^e  previous  case,  which  is  accounted  for  by  the  motive  power  for  the  rock 
drill  being  supplied  by  one  of  the  road  authorities'  steam  road-rollers ;  the 
expenditure,  however,  includes  a  sum  for  depreciation  of  the  engine. 

The  appearance  of  this  quarry  during  drilling  operations  is  shown  at  fig. 
88,  and  the  effects  of  the  blasting  operations,  which  show  an  excellent  result, 
are  represented  in  fig!  89. 

Road-stone  qtuirry  No.  3. 

225.  Fig.  75,  p.  151,  shows  the  manner  in  which  the  bore-holes  were 
placed ;  a  cross-section  (fig.  76)  is  also  given,  showing  the  general  outline  of 
the  quarry  face.  The  rock  in  this  quarry  is  a  hard  and  very  tough  basalt, 
and  of  a  very  solid  nature.  The  amount  of  material  required  was  2000  tons, 
and  the  expenditure  incurred  for  the  quarrying  operations  is  detailed  in 
same  way  to  that  in  the  previous  cases.  The  total  quantity  of  rock 
quarried  turned  out  to  be  2102  tons. 

Table  XXIV. 

Actual  Cost  of  quarrying  in  road-stone  quarry  No.  3, 
including  sledging. 


Working 

Cost  per  Ton 

Expenses. 

Quarried. 

Tirring  or  stripping,       .... 

£4    7    7 

0-50 

Drilling,  including  engine  (hired),  coals, 

water,  dressing  drill-bits,  depreciation 

of  drill,  etc., 

14    4    6 

1-62 

Blasting— explosive  (dynamite),  detona- 

tors, supplying  and  coupling-up  con- 

necting wires,  and  time  occupied  in 

charging  and  tamping  the  shot-holes, 

10    2    9 

116 

Sledging, 

28     9    3 

3*25 

Total  cost. 

£57     4     1 

or    (5  *53d.  perton. 
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The  cost  of  tirring  in  this  case  is  exceedingly  low,  the  rock  being  at  the 
surface,  with  a  few  pockets  of  earth  dispersed  over  the  area  operated  on. 
The  drilling  turns  out  Very  well,  considering  the  extremely  hard  nature  of 
the  rock.  The  cost  of  blasting  is  above  the  average ;  the  character  of  the 
rock  was  such  that  in  calculating  the  throw  10  tons  of  rock  were  con- 
sidered sufficient  for  each  pound  of  explosive  used. 

The  sledging  is  a  heavy  item,  the  material  when  blasted  being  of  a 
similar  size  to  that  of  the  previous  quarry  (road-stone  quarry  No.  2),  but 
the  tough  and  stubborn  character  of  the  rock  necessitated  additional  men 
being  employed  to  break  it  up  in  order  to  keep  the  stone-breaking  machine 
constantly  at  work.  It  may  be  mentioned  that  the  rock  in  this  quarry  had 
defied  the  efforts  of  many  contractors  to  put  in  a  bore-hole,  owing  to  the 
hard  nature  of  the  material.  The  jumpers  could  not  be  made  to  stand  the 
work,  2  to  3  inches  being  all  that  it  was  possible  to  bore  without  re- 
sharpening. 

The  appearance  of  the  quarry  face,  when  the  rock  drill  was  working  and 
previous  to  blasting,  is  shown  in  fig.  90,  and  the  amount  of  rock  dislodged 
after  blasting  is  represented  in  &g.  91. 

The  cost  of  quarrying  by  machinery  and  blasting,  as  detailed  on  p. 
170,  is  a  mean  result  of  working  in  twelve  different  quarries,  including 
those  just  described,  and  may  therefore  be  taken  as  an  average  in  esti- 
mating the  cost  of  quarrying  in  connection  with  the  production  of 
macadam. 

226.  All  the  quarries  under  the  author's  jurisdiction  are  worked  during 
the  summer  months  only,  and  in  order  to  arrive  at  the  cost  when  drilling 
and  blasting  operations  have  to  be  carried  on  during  the  winter  season  also, 
an  allowance  must  be  made  for  the  short  day  inseparable  from  this  time  of 
the  year,  and  for  other  circumstances.  The  cost  of  labour,  which  of  necessity 
varies  in  different  parts  of  the  country,  will  also  more  or  less  affect  the 
expenditure. 

227.  Cost  of  Quarrying  by  Manual  Labour. — The  cost  of  quarrying 
by  manual  labour,  that  is,  by  hand-boring,  blasting  with  powder  and  fuse, 
including  mashing  or  sledging,  varies  considerably,  and  may  range  from  lOd. 
to  Is.  6d.  per  too.  For  a  small  quantity  of  material,  which  is  to  be  removed 
from  the  quarry  in  an  intermittent  manner,  the  cost  of  quarrying  one  ton  of 
rock  reduced  to  a  size  suitable  for  the  hand-breakers  may  be  taken  at  Is.  Id. 
This  figure,  in  order  to  make  a  comparison  with  the  method  described  in  the 
foregoing  paragraphs,  is  apportioned  to  the  several  items  which  make  up 
the  cost  of  quarrying  one  ton  of  rock.  The  following  sub-division  may  be 
taken  as  an  average,  although  some  of  the  items  vary  widely  in  different 
quarries.  The  price  for  such  work  is  usually  quoted  and  paid  for  at  so 
much  per  cubic  yard ;  the  cost  of  quarrying  one  ton  of  rock,  therefore,  has. 
been  deduced  from  it. 


174  ROAD   MAKING  AND   MAINTENANCE. 


Table  XXV. 

Cost  of  quarrying  one  ton  of  rock  by  hand-horing  and  aingle-slwt  blasting 
withpotoder  andfuse^  in  the  same  quarries  where  the  rock  drill  has  been 
at  work. 

Pence  per  ton. 
Tirring  or  stripping  (same  as  in  Table  XXI.)  .  .         0*68 


Boring  l^-inch  holes 
Blasting— powder,  fuse  and  caps 
Tftmping  and  firing— time  only 
Sledging  or  mashing 


4-19 
0-82 
0-31 
7-00 


Cost  per  ton  quarried    .  .        18-00 

The  cost  of  tilting  is  of  course  the  same  as  in  the  case  mentioned  at 
page  170,  and  the  cost  of  the  explosive  and  fuse  is  similar  to  that  in  the 
case  of  using  dynamite  in  machine-drilled  holes  and  firing  electrically. 
The  cost  of  boring  by  hand,  however,  is  about  2^  times  greater  than  that 
of  machine  drilling,  while  the  mashing  or  sledging  is  2\  times  as  much 
as  when  the  material  is  blasted  with  a  high-grade  explosive  having  a 
rapid  and  violent  action,  and  the  shot-holes  are  fired  simultaneously  by 
electricity. 

When,  however,  the  material  is  quarried  by  hand  for  a  stone-breaking 
machine,  the  amount  of  rock  necessary  to  keep  the  machine  constantly  at 
work  is  such  that  the  limited  length  of  face  in  most  road-stone  quarries 
precludes  the  employment  of  a  sufficient  number  of  men  to  keep  up  the 
necessary  daily  supply  of  material.  Even  if  this  were  possible,  the 
risk  of  damaging  the  breaking  machine  and  engine  while  blasting,  and 
the  delays  occasioned  thereby,  would  curtail  the  output  of  macadam  from 
it  considerably.  Another  point  which  militates  against  this  arrangement, 
assuming  it  was  possible  of  attainment,  is  the  increased  distance  the 
material  would  have  to  be  wheeled,  which  would  necessarily  increase  the 
total  cost.  When  the  rock  which  is  to  be  broken  by  a  machine  is  quarried 
by  hand,  it  is  necessary  to  start  the  quarrying  operations  months  before  the 
time  when  it  is  intended  to  commence  breaking.  The  quarried  rock  must  be 
stored  in  a  cairn  as  high  as  possible,  so  that  the  labour  of  transporting  the 
stones  to  the  breaking  machine  may  be  reduced  to  a  minimum.  This  at  least 
will  cost  2d.  per  ton,  which,  added  to  the  expense  of  quarrying,  makes  an 
inclusive  price  of  Is.  3d.  per  ton  of  rock  stacked  ready  for  breaking  operations. 

228.  CompariBon  of  Cost  by  the  two  methods  of  Quarrying. — From 
these  figures  it  is  evident  that  a  considerable  saving  is  effected  by  the  use  of 
machine  rock  drills,  and  blasting  with  high-grade  explosives  and  electricity. 
The  cost  of  quarrying  by  hand,  as  detailed  in  the  foregoing  paragraphs  and 
on  the  same  class  of  rock  as  the  rock  drill  has  been  at  work,  shows  in  the 
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first  instance  that  there  is  a  saving  of  nearly  49  per  cent.,  and  when  the 
hand-quarried  material  is  stored,  of  over  59  per  cent. 

It  is  obvious  that  the  economical  results  obtained  in  quarrying 
rock  by  the  aid  of  machinery  are  undoubtedly  great,  while  the  practical 
advantages  are  none  the  less  striking.  For  instance,  by  the  employment  of 
a  rock  drill  in  boring  the  necessaiy  holes,  a  quantity  of  from  1000  to  1400 
tons  can  be  quarried  in  one  week,  including  blasting ;  this  practically  places 
the  material  in  a  state  for  breaking  operations.  This  would  mean,  in  order 
to  produce  by  hand  a  like  quantity  of  quarried  material,  the  employment 
of  twenty-four  men  each  day  for  a  similar  period,  or  a  boring  squad  of  three 
men  would  be  engaged  forty  days  in  performing  a  like  amount  of  work. 

229.  OoBt  of  Machine-drilling  Plant.— The  cost  of  a  rock  drill,  in- 
cluding tripod,  weights,  steam-pipes,  hose,  blasting  machine  and  cables,  all 
of  which  have  been  described  in  the  foregoing  sections,  amounts  to  £100. 

280.  The  Storing  of  Explosives.— "  The  Explosives  Act,"  1875,  regu- 
lates the  manner  of  storing  explosives,  and  the  quantity  which  may  be  stored 
under  certain  conditions.  It  has  already  been  pointed  out  how  a  great 
saving  in  cost  is  effected  by  obtaining  any  class  of  explosive  in  large  quan- 
tities, and  storing  them.  For  instance,  2000  lbs.  of  explosive,  more  par- 
ticularly the  nitro-compounds,  when  delivered  in  bulk  will  cost  about  35 
per  cent,  less  than  the  same  amount  delivered  in  small  quantities  at  a  time. 

The  difference  in  cost  on  the  quantity  mentioned  will  be  £50,  and  the 
saving  effected  may  be  taken  at  £25  per  1000  lbs.  of  dynamite  or  other  nitro- 
glycerine compounds. 

The  quantity  of  explosives  which  may  be  kept  in  a  store  varies  according 
to  the  distance  the  building  is  from  what  are  known  as  *  protected  works  ' ; 
licenses  are  granted  under  four  divisions,  viz..  A,  B,  C,  and  D,  and  are 
defined  according  to  Table  XXVI. 

Tablh  XXVI. 

A.  B.  0.  D. 

*  Protected  Works.'  800  lbs.        1000  lbs.        2000  lbs.        4000  lbs. 

From  a  dwelling-house,  shop,  room, 
mineral  or  private  railway,  tramway, 
workshop,  places  where  explosives  are 
kept,  furnace  kiln  or  fire,  yards     50  100  150  200 

If  the  licensee  occupies  these  'pro- 
tected works,*  or  the  premises  on 
which  they  are  situated,  or  if  the 
occupier  gives  his  consent  in  writing, 
the  distances  are  reduced  to       yards     25  50  75  100 

Also  from  any  public  road,  or  path, 
promenade,  canal,  dock,  river,  or  sea- 
wall, pier  or  reservoir,  yards     25  50  75  100 
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'  Protected  Works.'  800  lbs.        1000  lbs.        2000  lbs.        4000  lbs. 

Also  from  any  publio  railway,  factory, 
church,  college,  school,  court,  market, 
theatre,  hospital,  or  public  buildiug, 

yards     50  100  150  200 

Also  from  any  factory  or  magazine 
belonging  to  Qoyemment,  yards    440  830  1820  1760 

And  from  any  palace  or  house  of  resi- 
dence of  Her  Migesty,  her  heirs  or 
successors,  miles       2  2  2  2 

Stores  may  be  licensed  to  contain  '  gunpowder '  or  *  mixed  explosives/ 
and  for  the  work  in  connection  with  the  production  of  material  for  road 
purposes,  it  is  advisable  to  obtain  a  license  for  mixed  explosives.  The 
quantity  of  explosives  under  the  divisions  A,  B,  C,  and  D,  refers  to  gun- 
powder, and  when  the  nitro-compounds  are  stored,  ^  lb.  is  allowed  in  lieu  of 
each  pound  of  powder.  Thus,  in  division  D  4000  lbs.  of  powder  may  be 
legally  stored,  or  2000  lbs.  of  dynamite  or  the  other  explosives  of  the  nitro- 
glycerine class.  If  it  be  found  necessary  to  store  both  these  explosives,  then 
a  proportion  of  either  may  be  kept ;  for  instance,  2000  lbs.  of  powder  and 
1000  lbs.  of  any  other  explosive. 

It  is  not  permissible  to  store  the  means  of  ignition  in  the  same  place  as 
the  explosives,  unless  these  are  separated  by  a  partition  of  such  strength 
and  character,  or  by  such  space,  as  will  effectually  prevent  fire  or  explosion. 

It  is  better,  therefore,  to  store  the  detonators  in  a  separate  place  or  annexe 
situated  near  to  the  explosive  store. 

281.  Description  of  Explosives  Store. — The  building  must  be  sub- 
stantially  constructed  of  brick,  stone,  or  concrete,  or  excavated  in  solid  rock 
or  earth,  and  not  liable  to  ignition. 

The  plans  of  a  suitable  store  for  explosives  of  a  '  mixed '  description  are 
illustrated  in  figs.  92,  93^  94  and  95.  As  the  drawings  are  shown  in  detail 
it  is  unnecessary  to  give  a  full  description  of  them.  A  few  points  of  im- 
portance, however,  will  be  mentioned,  attention  to  which  may  save  trouble 
and  expense  in  the  upholding  of  the  building,  in  meeting  any  reasonable 
demands  of  H.M.  Inspectors  of  Explosives,  and  in  interpreting  the  details 
of  construction  contained  in  the  Act. 

The  store  should  be  placed,  preferably,  in  a  dry  situation ;  the  foundation 
ought  to  be  built  on  a  firm  and  solid  bottom,  composed  of  concrete,  if 
necessary. 

The  cheapest,  and  at  the  same  time  a  very  efficient  material  for  building 
a  store  is  hard-burnt  brick,  and  the  thickness  need  not  exceed  9  inches, 
unless  under  exceptional  circumstances.  The  roof  should  be  in  the  form  of 
an  arch,  but,  in  some  instances,  it  is  noiade  of  timber,  covered  with  gal- 
vanized corrugated  iron,  22,  B.W.Q.,  screwed  to  the  purlinsi  and  bedded  in 
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cemeut  at  the  gables  aud  wall  plates,  as  shown  in  fig.  96.  Ventilators  of  a 
zigzag  form  should  be  constructed  in  the  walls  below  the  level  of  the  flooring, 
immediately  above  it,  aud  also  at 
the  roof  of  the  store,  a  free  circula- 
tion of  air  being  desirable  to  keep  the 
explosives  in  good  order,  while  at 
the  same  time  it  aids  in  preserving 
the  woodwork  in  the  interior  of  the 
building.  These  should  be  protected 
on  the  outside  with  cast-iron  perfor- 
ated plates  or  bricks,  and  on  the 
inside  with  wire  cloth.  The  exterior 
of  the  building  should  be  covered 
with  a  coating  of  cement,  to  ensure 
its  being  perfectly  waterproof. 

Double  doors  of  wood  are  some- 
times provided,  but  a  door-frame  of 
wood  lined  on  the  inside  is  quite  sufficient.     To  properly  protect  it  from 
being  tampered  with,  a  sheet  of  iron  -^  of  an  inch  thick  should  be  spiked  on 
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Fig.  92.— Plan  of  explosive  store. 
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Fio.  93.  —Elevation  of  explosive  store. 

to  the  outside  of  frame,  so  as  to  slightly  overlap  both  it  and  the  recess,  which 
is  formed  of  angle  irons,  as  shown  in  the  drawings.     The  side  at  which  the 
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door  is  hung  should  have  the  brickwork  14  inches  thick,  while  the  arms  form- 
ing the  hinges  should  be  fixed  by  through  bolts  and  iron  plates  inside. 
The  flooring  must  be  of  timber,  the  interior  of  the  store  must  be  lined  with 
wood,  and  these  along  with  the  shelving  must  be  fastened  with  copper,  brass, 
or  zinc  nails,  or  with  iron  nails  countersunk  and  puttied.     The  woodwork 


Fio.  94. — Section  of  explosive  store. 

should  be  finished  by  applying  two  or  more  coats  of  varnish.  The  lock 
should  be  of  brass,  and  all  iron,  where  exposed  internally,  properly  protected. 
It  is  essential  to  provide  a  lightning-conductor,  which  may  be  made  of 
f-inch  round  iron,  or  of  copper  tape  f  inch  by  J  inch,  properly  fixed  to  the 
outside  wall  (as  shown),  and  terminating  in  the  earth  preferably  (damp  soil). 


Fio.  95.— Details  of  door. 

2  or  3  yards  distant  from  the  store,  and  3  feet  deep  with  a  copper  plate  20 
inches  by  12  inches  and  ^  of  an  inch  thick.  All  exterior  ironwork  should 
be  put  in  metallic  connection  with  the  conductor,  the  upper  end  of  which 
should  be  18  inches  above  the  highest  part  of  the  building,  and  terminate 
with  three  branches  pointed;  these  should  be  gilded   or  finished  with 
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platinum  cape  to  resist  oxidation.  It  is  uecessaiy  to  keep  the  floor  and 
shelving  of  the  store  free  from  grit,  for  which  purpose  they  should  be 
swept  periodically,  and  occasionally  washed. 

282.  Annexe  for  storing  Detonators. — ^The  detonator  '  annexe '  is  best 
formed  by  a  box  made  of  iron  ^inch  thick,  2  feet  by  2  feet  and  2  feet 
6  inches  deep,  sunk  three-fourth  parts  into  the  ground.  The  lid  should 
project  1^  inch  over  the  box,  and  be  slightly  bent  downwards  at  the  outer 
edges  to  prevent  wet  gaining  access.  The  lid  should  be  provided  with  strong 
hinges  and  brass  padlock.  The 
interior  of  the  box  should  be  lined 
with  wood,  and  have  a  suitable 
inner  lid  or  cover.  This  annexe 
may  be  placed  as  shown  in  fig.  93, 
just  clear  of  the  wall  of  the  explo- 
sives store.  An  additional  safe- 
guard in  the  form  of  a  high  and 
close  fence  may  be  erected  a  few 
feet  distant  from  the  store,  com-  ^'""'^^'iS^^ 

pletely  surrounding  it,  and  having 

a  suitable  access  in  front.  It  is  necessary  to  provide  a  pair  of  boots 
without  steel  or  iron  about  them,  or  a  pair  of  goloshes,  to  be  used  by  those 
entering  the  store.  These  should  be  of  a  size  large  enough  to  wear  over  the 
ordinary  boots  or  shoes.  As  a  convenient  road  to  the  store  is  a  necessity, 
the  site  selected  for  the  store  will  mainly  depend  on  the  facilities  for  making 
and  properly  maintaining  such  a  road. 

288.  Cost  of  Erectioa — ^The  cost  (exclusive  of  the  road  access)  of 
erecting  an  explosives  store  of  the  dimensions  given  in  the  drawings  will 
vary  according  to  the  place  in  which  it  is  erected;  but  the  expenditure 
may  be  taken  at  from  £20  to  £25,  if  the  brick  arch  is  adopted,  and  about 
£16  to  £20  when  the  roof  is  formed  of  timber  and  galvanized  corrugated 
iron,  as  shown  in  fig.  96. 

284.  An  excerpt  from  the  Explosives  Act  should  be  affixed  on  the  out- 
aide  fence ;  and  the  rules  and  regulations  should  also  be  hung  up  inside  the 
store,  while  the  class  of  the  Division  should  be  painted  on  the  outside  of  the 
4oor  in  large  letters  in  the  following  manner : — 

DIVISION  D.    4000  lbs. 


CHAPTER  VI. 

STONE  BREAKING  AND  HAULAGE. 

Stone  Breakmg. 

2d5.  The  material  described  in  the  preceding  chapter  requires  a  further  reduc- 
tion in  size  before  it  can  be  applied  to  the  highways  or  stored  for  subsequent  use. 

236.  General  ConditionB  relative  to  Hand-broken  msk^^tiajn — if  the 
macadam  is  for  coating  the  top  of  a  newly  constructed  road,  or  for  strength- 
ening an  existing  one  the  crust  of  which  has,  through  neglect  or  other  causes,, 
become  reduced  to  such  an  extent  that  the  material  forming  the  bottoming  is 
exposed,  then  it  is  necessary  to  apply  metalling,  the  stones  of  which  will 
pass  through  a  2^inch  ring,  or  weigh  about  6  ounces.  For  general  surface 
repairs,  however,  metalling  of  a  somewhat  less  size  may  be  advantageously 
made  use  of.  The  smaller  the  size  the  smoother  will  the  surface  of  the  road 
be ;  but  the  size  of  the  metal  for  any  particular  section  of  a  road  must  be 
determined  to  a  certain  extent  by  the  amount  of  traffic  which  it  will  have  to 
bear,  and  the  nature  of  the  rock  from  which  the  macadam  is  produced. 

On  roads  over  which  the  traffic  is  heavy,  the  tougher  kinds  of  rock,  such 
as  basalt  and  syenite,  should  be  of  a  size  which  will  pass  through  a  2|-inch 
ring ;  while  with  the  same  class  of  material,  but  applied  on  a  road  with  only 
moderate  traffic,  the  size  may  be  advantageously  reduced  to  pass  through  a 
ring  2  inches  in  diameter.  The  weights  of  these  different  sizes  are  approxi- 
mately 4  ounces  and  3  ounces  respectively.  Rock  of  a  hard  siliceous  nature  will 
give  better  wearing  results  when  broken  to  a  size  somewhat  larger,  while 
flints  and  the  harder  limestones  will  be  most  suitable  for  surface  repairs  if 
broken  to  a  size  the  weight  of  which  varies  from  6  to  8  ounces. 

To  ensure  equal  wearing,  and  consequently  a  smooth  surface,  the  metal 
should  be  broken  to  a  uniform  size  and  to  a  form  as  nearly  cuboidal  as  pos- 
sible. An  irregularly-sized  metal  cannot  resist  the  wear  and  crushing  effect 
caused  by  the  wheels  of  passing  traffic ;  consequently  a  bumpy  surface  is 
formed,  or,  in  other  words,  it  becomes  *  cupped.'  Under  these  circumstances 
the  wear  is  increased,  and  the  surface  of  the  road  becomes  irregular,  and 
horses  and  vehicles  suffer  in  proportion. 
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287.  These  are  briefly  the  main  points  necessary  to  be  considered  in 
determining  the  best  conditions  under  which  hand-broken  metal  is  applicable 
to  road  repairs,  especially  when  the  material  is  intended  to  be  consolidated 
by  wheel  traffic.  The  breaking  of  metal  specially  to  a  small  size  for  ordinary 
repairs,  although  of  great  advantage  to  the  road  under  certain  conditions, 
increases  the  cost  of  production,  and  in  most  cases  a  proportionately  larger 
amount  of  small  stuff  is  produced.  This  fine  material  is  of  little  or  no  value 
on  the  road,  and  under  certain  conditions  its  presence  is  pernicious ;  to  avoid 
this  evil  it  is  necessary  to  screen  the  material  so  as  to  separate  it  from  the 
regular-pized  stones.  This  additional  manual  labour  increases  the  cost  of 
production,  which,  at  a  low  estimate,  may  be  taken  at  3d  to  4d.  per  cubic 
yard. 

288.  Quantity  of  macadam  broken  1^  Hand  per  Day. — A  good  hand- 
breaker  can  produce  from  3  to  4  cubic  yards  of  ordinary  macadam  per  day 
out  of  such  material  as  flints,  the  harder  limestones,  field  stones,  and  river 
gi-avel.  Whinstone  of  a  siliceous  nature,  when  the  rock  is  reduced  to  a  size 
similar  to  that  mentioned  in  the  preceding  chapter  on  quarrying,  may  be 
broken  by  hand  at  the  rate  of  2  to  2^  cubic  yards  per  day,  while  syenite, 
basalt,  and  the  tougher  kinds  of  whinstone  can  be  broken  up  at  the  rate  of 
from  one-half  to  one  cubic  yard  in  a  similar  time.  The  number  of  hours  which 
a  man  works  when  breaking  road  metal  depends  upon  oircumstances.  If 
engaged  on  piece  work  a  hand-breaker  may  work  for  twelve  hoars  on  a 
stretch,  producing  more  material  than  one  who  is  less  physically  capable,  or 
who  is  engaged  to  break  at  so  much  per  day. 

289.  Oofit  of  Hand-breaking. — It  is  thus  a  somewhat  difficult  matter  to 
arrive  at  the  actual  cost  of  breaking  road-metal  by  hand,  but  an  approxima- 
tion sufficiently  correct  can  be  obtained  by  measuring  a  heap  of  metal  which 
has  occupied  a  hand-breaker  a  certain  time  to  accomplish.  This  will  give 
the  amount  broken  each  day  of  nine  or  ten  hours ;  but,  in  addition  to  this, 
the  wages  which  are  paid  in  any  particular  locality  will  have  to  be  considered 
as  influencing  the  cost  of  production.  Taking  these  circumstances  into  con- 
sideration, the  experience  of  the  author  is  that  the  cost  of  breaking  by  hand 
varies  from  Is.  3d.  to  2s.  6d«  for  each  cubic  yard  of  road  metal.  The  supply- 
ing of  macadam  for  repairing  and  maintaining  roads  under  the  old,  or  patching 
system,  is  in  most  cases  regulated  by  annual  contracts.  The  price  in  some 
instances  is  stated  separately  for  quarrying,  carting,  and  breaking ;  but  gene- 
rally these  contracts  are  arranged  for  at  an  inclusive  figure,  the  metalling 
being  deposited  alongside  the  roads  at  convenient  points  or  in  dep6ts. 

The  price  per  cubic  yard  of  metal  thus  laid  down  will  vary  according  to 
the  conditions  already  mentioned,  and,  in  addition,  the  cost  of  hauling  or 
conveying  it  from  the  quarry  to  the  roadside  depdts,  especially  where  the 
distance  is  great,  may  increase  the  price  to  double  the  actual  amount  of 
producing  the  macadam  itself. 


1 82  ROAD   MAKING   AND   MAINTENANCE. 

240.  In  districts  where  suitable  rock  for  road  purposes  does  not  exist  to 
any  great  extent,  the  metalling  may  have  to  be  brought  from  a  distance  either 
by  traction-engines  and  wagons  or  by  rail,  which,  besides  the  heavy  charges 
for  haulage,  entails  in  many  instances  double  handling  of  the  material  In 
those  districts  where  local  stone  of  a  suitable  quality  can  be  obtained  within 
a  reasonable  distance  of  where  it  is  to  be  applied,  the  cost  of  quarrying, 
breaking  by  hand,  and  carting  to  the  roadside  depdts,  an  average  distance  of 
two  miles  from  the  quarry,  may  be  38.  7d.  per  cubic  yard.  This  is  an  excep- 
tionally low  figure,  and  can  only  be  executed  under  the  best  possible 
conditions  of  work,  while  for  material  which  is  difficult  to  quarry,  and  which 
takes  2s.  6d.  to  break  by  hand,  the  cost  will  be  58.  4d.  per  cubic  yard  when 
laid  down  in  depdts  at  a  similar  average  distance.  The  latter  price  is  one  that 
is  very  usually  met  with  in  practice  under  ordinaiy  conditions,  and  as  the 
distance  to  which  the  material  has  to  be  conveyed  increases,  the  cost  of 
supplying  macadam  may  rise  to  7s.  or  8s.  per  cubic  yard,  and  even  to  IBs. 
in  exceptional  cases.  In  quarries  worked  under  the  authority  of  County 
Councils,  it  is,  as  a  rule,  only  necessary  to  pay  surface  damages  for  the 
ground  destroyed  in  obtaining  the  materials.  This  amount  may  be  allowed 
for  either  in  the  cost  of  quarrying  and  breaking,  or  stand  as  a  separate 
item,  but  generally  the  additional  cost  per  cubic  yard  of  material  U  very 
trifling  in  amount,  especially  when  the  face  of  the  quarry  is  high,  or  the 
relative  quantity  of  metal  removed  is  large  compared  with  the  area  of  ground 
occupied.  In  sale  quarries,  however,  the  actual  cost  of  the  material  is 
increased  by  an  additional  charge  for  lordship,  or  quarry  rent,  which  varies 
considerably,  but  may  be  taken  at  from  4d.  to  6d.  per  ton  or  per  cubic 
yard  of  rock. 

241.  The  race  of  hand-breakers  is,  however,  fast  disappearing,  especially 
in  rural  districts,  and  the  high  price  now  demanded  for  this  class  of  labour 
requires  that  other  means  be  adopted  for  producing  macadam.  The  obvious 
necessity  in  these  days,  owing  to  the  altered  condition  of  trade  and  traffic, 
of  attaining  a  higher  standard  of  perfection  in  road  maintenance,  and  of 
applying  larger  quantities  of  material  to  strengthen  and  improve  the  condi- 
tion of  the  highways,  is  a  further  incentive  to  the  employment  of  stone- 
breaking  machinery. 

242.  Bequirementa  which  a  Stone-breaJdng  Machine  should  possess. 
— Objection  has  been  taken  against  stone-breaking  machines  in  some 
localities,  on  the  ground  that  they  fracture  or  crush  the  stones,  make  the 
edges  rounded,  and  produce  metal  which  is  not  uniform  in  size. 

No  doubt  the  earlier  types  of  stone-breaking  machines  were  open  to  these 
objections,  and  they  may  even  still  exist  to  a  considerable  extent  in  some 
of  those  employed  at  the  present  time ;  but  they  do  not  apply  to  the  modem 
'  stone-breaker '  with  its  almost  perfect  mechanical  movements. 

In  a  good  machine  the  rock  should  be  sledged  by  the  upper  set  of  jaws, 
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and  the  teeth  be  spaced  at  a  comparatively  large  pitch  and  so  arranged  that 
the  ridges  will  work  in  the  farrows  immediately  opposite.  The  stones,  after 
passing  through  the  upper  jaws,  should  be  cubed  by  the  lower  ones,  and 
means  should  be  provided  to  admit  of  the  material  changing  position  and 
readjusting  itself,  so  as  to  prevent  spalling  or  the  production  of  long  thin 
pieces. 

Provision  should  be  made  to  admit  of  an  increase  or  decrease  of  the 
movement  of  the  reciprocating  jaw,  which  acts  on  the  rock  between  it  and 
the  fixed  jaw. 

The  mechanical  construction  should  be  simple,  strong,  and  effective,  while 
the  working  parts  should  be  so  arranged  as  to  reduce  the  strains  on  the 
driving  shaft  to  a  minimum.  Th^  strains  should  always  be  in  one  direc- 
tion, while  the  toggles  should  finish  in  a  straight  line  at  the  completion 
of  the  forward  stroke.  The  machine  and  accessories  ought  to  be  capable  of 
effectually  screening  the  material,  so  that  the  macadam  resulting  from  the 
breaking  operations  can  be  distributed,  stored,  or  loaded  automatically.  In 
many  cases  where  machine-broken  metal  is  used,  and  condemned  as  inferior 
to  that  broken  by  hand,  without  the  material  being  properly  sized,  it  is 
invariably  found  to  be  caused  by  a  want  of  proper  sizing  of  the  macadam 
by  screening.  To  apply  the  stones  direct  to  the  roads  as  it  leaves  the 
jaws  of  the  machine,  is  simply  to  make  use  of  it  in  an  unfinished  state 
of  manufacture.  The  appearance  of  a  piece  of  rock  after  a  hand-breaker 
has  broken  the  larger-sized  stones  with  the  light  mashing  or  sledging 
hammer,  and  before  finishing  his  work  with  the  small  hammer,  is  similar  in 
appearance  to  the  larger-sized  pieces  of  stone  which  have  been  only  partially 
broken  in  passing  through  the  jaws  of  the  machine.  It  is  the  proper  screen- 
ing of  the  metalling  which  makes  machine-broken  metal  a  success,  the 
larger  pieces  again  passing  through  it  automatically,  to  be  broken  to  a  proper 
size. 

With  many  types  of  stone-breaking  machines,  the  extent  of  the  motion 
of  the  reciprocating  jaw  is  constant,  so  that  under  certain  conditions,  as  when 
breaking  hard  siliceous  rock,  numerous  flaky  pieces  are  produced,  which, 
besides  making  a  bad  sample  of  road  metal,  quickly  deteriorate  in  the  road 
under  traffic. 

If  a  stone-breakiug  machine  is  so  constructed  that  tlie  pressure  or  blow  can 
be  regulated  by  either  a  long  or  a  short  movement,  the  production  of  flaky 
road  metal  will  be  reduced  to  a  minimum.  By  giving  the  swinging  jaw  a 
short  travel,  by  means  of  a  rearrangement  of  the  toggles,  hard  siliceous  rock 
can  be  properly  treated ;  while  for  tough  or  stubborn  rock  the  movement 
should  be  made  longer. 

243.  The  macadam  produced  by  a  good  stone-breaking  machine  may  not 
present  such  a  cuboidal  appearance  as  that  produced  by  hand-breaking,  but 
for  general  purposes  it  is  little  inferior  in  quality ;  the  cost  of  production. 
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always  a  determiniug  condition  in  such  matters^  is  greatly  in  favour  of 
machine-broken  macadam,  while  the  possibility  of  producing  large  quantities 
of  macadam  in  a  short  space  of  time  is  an  additional  advantage.  In  quarries 
where  road  metal  is  produced  in  large  quantities,  the  breaking  operations  are 
carried  on  more  or  less  during  the  whole  year,  for  which  purpose  it  is  ueces 
sary  to  fix  the  plant  or  the  'stone-breaking  mill'  at  a  convenient  and  safe 
distance  from  where  the  quarrying  and  blasting  operations  are  carried  on. 

244.  The  breaking  machinery  should,  if  possible,  be  situated  at  a  lower 
level  than  the  quarry  floor,  in  oixler  to  admit  of  the  haulage  of  the  material 
by  bogies  or  cars  being  effected  by  gravitation.  For  a  similar  reason  the 
position  of  the  breaking  plant,  in  regard  to  the  disposal  of  the  broken 
materia],  should  be  such  as  to  admit  of  the  screening  being  carried  out 
immediately  after  the  material  passes  through  the  jaws  of  the  breaker.  It 
can  then  be  conveyed  in  shoots  to  the  points  where  it  is  to  be  delivered  direct 
into  wagons  or  carts,  or  into  storage  bins  for  future  use.  It  often  happens, 
however,  that  the  physical  conditions  of  the  ground  will  not  admit  of  this 
arrangement  being  carried  out,  a  circumstance  which  necessarily  involves  a 
system  of  working  not  so  favourable  as  when  the  material  can  be  disposed 
of  by  means  of  gravitation  alone.  When  the  height  of  the  quarry  floor  above 
the  level  of  the  sidings  or  storage  bins  is  such  that  the  breaking,  screening, 
and  delivery  arrangements  can  be  properly  accomplished,  the  haulage  of  the 
rough  stones  from  the  quarry  face  to  the  stone-breaking  plant  may  be  con- 
veniently performed  by  steam  haulage.  When  the  quarry  and  the  point  of 
delivery  are  on  the  same  level,  it  becomes  necessary  to  make  a  suitable  erec- 
tion sufficiently  high  for  the  accommodation  of  the  breaking,  screening,  and 
delivery  plant :  the  haulage  of  the  material  to  the  feeding  platform  must  in 
such  cases  be  accomplished  by  means  of  a  rope  working  on  a  drum,  an  aerial 
ropeway,  or  some  other  suitable  arrangement. 

245.  A  proper  system  of  distributing  the  different  sizes  of  macadam, 
when  it  is  to  be  stored,  is,  of  course,  best  carried  out  by  gravitation ;  in 
most  instances,  however,  it  has  generally  to  be  performed  by  the  aid  of 
conveyors.  It  seldom  happens  that  the  plant  can  be  so  placed  in  relation 
to  the  quarry  as  to  be  so  favourably  situated  that  the  haulage,  tipping  or 
dumping,  and  the  screening  and  delivery  of  the  material  can  be  accomplished 
entirely  by  means  of  gravitation. 

It  will  be  evident  from  the  preceding  observations  how  essential  it  is, 
when  laying  down  a  stone-breaking  plant,  to  arrange  the  machinery  and 
appliances  so  that  the  cost  of  handling  the  material  and  operating  the  plant 
may  be  reduced  to  a  minimum.  These  particular  requirements  apply  more 
•especially  to  quarries  where  a  fixed  plant  is  indispensable,  by  reason  of  the 
demand  for  macadam,  and  which  may  necessitate  continuous  working  of  the 
stone-breaking  plant  during  the  whole  or  greater  part  of  the  year. 

246.  The  immense  quintities  of  road  metal  which  are  produced  in  many  of 
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the  larger  sale  quarries  to  supply  the  requirements  of  counties  and  towns  which 
do  not  possess  suitable  rock  for  road  purposes  within  their  own  jurisdiction, 
necessitate  the  employment  of  a  large  number  of  stone-breaking  machines 
at  these  centres. 

The  arrangement  generally  adopted  in  these  circumstances  is  to  make  use 
of  a  '  set '  of  stone-breakers ;  the  leading  or  '  reducing  machine '  having  a 
large  breaking  capacity,  sledges  the  rock  to  a  certain  size,  which  is  then 
directed  by  shoots  into  two  or  more  other  machines,  which  break  or  cube 
the  material  to  a  size  suitable  for  macadamizing  purposes. 

247.  Sets  of  Breaking  MachineB. — Double,  and  in  some  cases  treble, 
sets  of  stone-bi'eaking  machines  are  made  ase  of  in  quarries  where  the  rock 
is  of  a  recognized  quality,  and  the  demand  for  metalling  is  considerable. 
Under  these  conditions  the  machines  are  fixed  permanently,  and,  if 
possible,  on  solid  foundations,  as  when  so  placed  the  actual  amount  of  work 
performed  is  considerably  increased  compared  with  that  obtained  from 
machines  fixed  on  a  timber  erection,  which,  although  it  may  be  well  con- 
stracted,  admits  of  vibration  taking  place  when  the  machinery  is  in  motion, 
whereby  the  output  of  the  machine  is  reduced. 

248.  The  original  stone-breaking  machine  was  invented  by  E.  W.  Blake, 
of  Newhaven,  Connecticut,  and  was  introduced  into  England  in  1860,  by 
the  late  Mr.  Marsden  of  Leeds,  who  effected  many  alterations  in  the  construc- 
tion of  certain  parts  in  his  endeavour  to  adapt  it  to  the  requirements  of 
this  country. 

Since  that  time  many  alterations  and  improvements  in  the  mode  of  con- 
struction have  been  introduced  by  engineers,  so  as  to  reduce  the  strain  on 
the  working  parts,  and  the  motive  power  necessary  to  drive  the  machine,  while 
the  form  of  the  jaws  has  been  modified  so  as  to  produce  cuboidal  macadam. 

249.  Mechanical  Details. — Previous  to  giving  a  detailed  description  of 
the  different  parts  of  a  stone-breaking  machine,  it  will  be  convenient  to 
mention  some  special  points  which,  in  addition  to  those  already  stated,  a 
machine  of  this  description  should  possess. 

It  must  be  capable  of  withstanding  the  great  wear  and  tear  incidental  to 
this  class  of  machinery  and  of  producing  a  uniform  size  of  macadam. 

The  construction  must  be  on  such  a  principle  as  to  avoid  excessive  strains 
on  the  driving  shaft,  and  yet  be  simple  and  strong. 

It  must  have  as  few  working  parts  as  possible,  and  the  arrangement  of 
the  reciprocating  jaw  should  be  such  as  to  admit  of  a  sharp  and  powerful 
blow  being  given. 

The  strains  brought  about  on  the  working  parts  when  breaking  stones 
should  be  maintained  in  one  direction,  and  the  wearing  parts  should  be 
easily  renewable.  The  breaking  of  the  rock  should  be  accomplished  either 
by  two  machines  working  in  conjunction,  or  by  one  with  specially  con- 
structed jaws.     In  the  former  case  the  material  is  sledged  or  reduced  suffi- 
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ciently  small  for  the  second  machine,  which  cubes  it  to  the  desired  size  for 
metalling ;  in  the  latter  case,  the  jaws  are  so  arranged  that  the  process  of 
reducing  the  rock  is  accomplished  by  the  upper  jaws,  while  the  metal  is 
cubed  by  the  lower  ones. 

The  screening  of  the  material  and  the  conveying  of  the  '  rejectors '  or 
large  pieces  of  stone  back  through  the  breaker  jaws  again  should  be  per- 
formed automatically.  By  this  arrangement  the  jaws  of  the  breaking 
machine  can  be  fixed  sufficiently  open  so  as  to  admit  of  a  considerable  number 
of  large  pieces  being  passed  a  second  time  through  the  machine,  thus  yielding 
a  better  sample  of  macadam  and  producing  a  minimum  quantity  of  screenings. 

250.  Description  of  Blake's  Origiiial  Stone-breaker.  —  The  original 
Blake  stone-breaker  is  shown  in  fig.  97,  which  represents  an  elevation  in 
longitudinal  section  of  the  machine.  It  consists  of  a  cast-iron  frame  X, 
with  a  vibrating  or  swinging  jaw  A,  which  approaches  to  and  recedes  from 
the  fixed  jaw  B,  by  means  of  the  toggles  C,  attached  to  the  pitman  D.  It 
is  actuated  by  the  lever  E,  working  on  a  fubmim  F,  and  attached  to  the 
connecting  rod  G,  working  on  a  crank  shaft  B.  On  this  shaft  are  placed 
the  fly-wheels  I,  and  pulley  J,  by  which  the  power  is  transmitted  to 
the  machine,  the  size  to  which  the  macadam  is  intended  to  be  broken 
being  regulated  by  the  wedge  K,  which  can  be  raised  or  lowered  by  the 
screw  L   working  on   the   toggle  block  M ;  the  draw  back  motion  being 


Fio.  97. — Section  of  original  '  Blake  '  stone-breaking  machine. 

effected  by  means  of  the  rod  N  and  spring  O.  This  machine  was  essen- 
tially a  crusher,  the  teeth  of  the  jaws  being  vertical  and  interlocking  each 
other,  so  that  the  ridges  of  the  one  jaw  were  set  opposite  and  worked  against 
the  furrows  of  the  other.  No  attempt  was  made,  by  reason  of  the  construc- 
tion of  the  jaws,  to  cube  the  material ;  it  was  a  powerful  machine,  how- 
ever, and  capable  of  any  amount  of  work. 
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251.  Archer's  Breaker. — An  attempt  to  cube  the  material  uras  made  by 
Archer,  and  after  various  endeavours  he  brought  out  a  machine  in  1867. 
It  consisted  of  a  cast-iron  frame,  with  a  slotted  crank  shaft — running  in 
bearings  at  the  end  of  the  machine, — which  operated  a  large  lever  working  on 
a  fulcrum  pin.  The  back  end  of  this  lever  was  connected  to  the  crank  by  a 
variable  link,  which  controlled  the  position  of  the  crushing  faces  in  relation 
to  the  rotating  toothed  roller,  fixed  on  a  shaft  and  actuated  by  spur  gearing. 
The  front  end  of  the  lever  was  curved  so  as  to  partly  encircle  the  rotating 
roller,  and  was  provided  with  corrugated  faces  in  the  upper  and  lower  jaws, 
while  the  teeth  of  the  roller  were  placed  at  right  angles  to  the  corrugations 
in  the  lower  jaws.  This  machine  produced  a  fair  sample  of  metal,  but  the 
wear  and  tear  were  so  excessive  and  the  number  of  breakages  were  so  numerous, 
that  it  was  not  a  practical  success,  while  the  amount  of  work  done  was  con- 
siderably less  than  that  of  the  Blake  machine. 

252.  This  stone-breaker  was  so  far  further  improved  by  Archer,  in  that  a 
small  Blake  jaw  was  utilized  for  breaking  the  stones,  in  conjunction  with  a 
lever  having  a  curved  face  working  against  a  revolving  toothed-roller.  At  the 
rear  end  of  the  cast-iron  lever  a  slotted  crank  shaft  was  fixed  to  transmit  the 
motion  to  the  machine,  and  on  which  the  fiy-wheels  with  driving  pulley  were 
secured.  The  crank  shaft  was  connected  by  a  link  capable  of  being  made 
longer  or  shorter  according  to  the  size  of  metal  requbed,  and  fixed  to  the  lever 
by  a  spindle.  The  lever  rocked  on  a  shaft,  which  also  carried  a  pinion  wheel ; 
while  rocking  it  actuated  the  breaking  jaw  by  means  of  blocks  connected  by 
a  bolt  running  through  them  from  the  jaw  stock,  and  attached  to  the  lever 
by  an  india-rubber  spring  and  nuts.  This  arrangement  also  gave  the  neces- 
sary pressure  to  the  jaws  working  against  the  revolving  roller.  The  rotating 
motion  of  the  horizontal  toothed  roller  was  effected  by  spur  and  pinion  wheels 
driven  by  a  belt  running  on  a  pulley  fixed  on  the  fly-wheel,  and  another 
pulley  mounted  on  the  shaft  which  carried  the  toothed  roller.  It  is  obvious 
that  this  form  of  construction  did  not  follow  the  best  and  simplest  mechanical 
movements,  and  although  it  was  a  decided  improvement  on  the  former 
machine,  still  the  great  wear  of  the  working  parts  and  the  strains  to  which 
it  was  subjected  when  working,  told  seriously  against  it  as  a  practical  and 
economical  macadam-breaking  machine. 

258.  Many  different  forms  of  construction  have  been  adopted  from  time 
to  time  by  quarry  owners  and  others  to  attain  a  proper  working  machine 
which  would  produce  a  satisfactory  sample  of  macadam.  The  general 
method  followed  of  accomplishing  this  was  either  that  of  using  two  machines, 
one  for  sledging  the  rock,  and  the  other  for  reducing  it  to  road  metal,  or  of 
using  one  machine  only  and  directing  the  broken  material  by  a  shoot  to  a 
system  of  rolls,  which  acted  upon  the  long  or  flaky  pieces  of  stone,  reducing 
these  to  an  approximately  uniform  size. 

254.  'Excelsior '  Breaker.— In  the  year  1872  a  stone-breaking  machine, 
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known  as  the  '  Excelsior/  was  brought  from  Australia  to  this  country.  The 
inventor,  Mr.  Hope,  introduced  special  features  into  his  machine  in  order  to 
obtain  a  superior  cubing  arrangements 

This  stone-breaker  is  shown  in  sectional  elevation  in  fig.  98.  It  will  be 
observed  that  the  lower  part  of  the  swinging  jaw  A  is  curved  backwards, 
the  teeth  forming  the  face  of  the  jaw  being  continuous  from  toi>  to  bottom, 
and  made  to  a  pitch  of  3  inches.  The  fixed  jaw  B  had  the  teeth  upon  its 
upper  portion  placed  so  as  to  work  in  the  furrows  of  the  opposite  jaw,  while 
towards  the  lower  end  the  teeth  were  altered  so  as  to  work  against  and  oppo- 
site the  ridge  of  the  teeth  in  the  swinging  jaw.  The  object  of  this  was  to 
break  the  long  or  flaky  pieces  before  they  left  the  machine.  The  method  of 
operating  the  mechanism  was  carried  out  by  means  of  the  usual  fly-wheels  I 
and  pulley  J,  fixed  to  a  crank  shaft  H.  A  connecting  rod  G  attached  to  the 
crank  shaft  and  fixed  to  the  upper  end  of  the  rocking  lever  D,  working  on  a 
spindle,  communicated  the  motion  to  the  toggle  C,  causing  the  swinging 
jaw  to  reciprocate.     The  drawback  movement  was  provided  for  by  means 


Fig.  98. — Section  of  Hope's  *  Excelsior '  break ei'. 

of  a  rod  N  and  india-rubber  spring  O,  the  rocking  lever  being  held  in 
position  by  a  similar  arrangement.  This  stone-breaker  possessed  many 
valuable  mechanical  features,  but,  owing  to  the  arrangement  of  the  jaws, 
did  not  provide  for  the  stones  readjusting  themselves  while  passing  through, 
consequently  the  cubing  of  the  material  was  not  satisfactory. 

This  breaking  machine  was  used  in  a  few  of  the  counties  in  Scotland  for 
many  years,  and  performed  good  work  where  the  rock  was  of  a  tough  and 
stubborn  nature;  but  all  these  machines  have  now  been  supersede  by 
£tone-breakers  of  more  modem  construction. 
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255.  The  late  Mr.  Marsden  made  a  farther  attempt  to  improve  the  cubing 
of  the  material  with  the  Blake  machine  by  a  rearrangement  in  both  the 
swinging  and  fixed  jaws,  into  which  three  bends  were  introduced  with 
alternate  ridge  and  furrow  teeth  working  opposite ;  this  alteration,  however, 
proved  unsuccessful  both  in  regard  to  the  output  of  the  machine  and  the 
amount  of  waste  caused  by  the  stones  being  crashed. 

256.  Marsden's  Stone-breaker. — The  design  of  the  face  of  the  jaws  was 
altered  to  different  forms  from  time  to  time  as  experience  was  acquired; 
the  present  arrangement  of  the  teeth  in  the  swinging  and  fixed  jaws  of 
the  Marsden  machine  is  shown  in  fig.  99.  It  will  be  observed  that  the  jaws 
are  composed  of  four  parts,  and  can  be  renewed  as  they  become  worn, 
the  break  between  them  admitting  of  the  stones  changing  their  position, 
ensuring  a  better  sample  of  macadam  being  produced  than  with  jaws  having 
teeth  continuous  from  top  to  bottom.  The  mechanism  and  working  of  this 
stone-breaking  machine  may  be  thus  described.  The  main  frame  X,  fig.  99, 
is  of  cast  iron.  The  swinging  jaw  A  is  suspended  from  a  shaft  and  breaks 
the  stones  by  vibrating  against  the  fixed  jaw  B.  The  motion  of  the 
swinging  jaw  is  obtained  through  the  toggles  C,  working  in  grooves  in  the 
swinging  jaw  and  block  M,  while  similar  grooves  are  made  in  the  connecting 
rod  G,  which  is  made  to  rise  and  fall  by  means  of  an  eccentric  fixed  on  the 
shaft  H,  which  carries  the  fly-wheels  I  and  driving  pulley  J. 


Fio.  99. — Marsden'a  stone-breaking  machine. 

When  the  connecting  rod  is  at  its  highest  point  on  the  eccentric  the 
toggle  plates  are  nearly  in  a  straight  line,  thus  producing  a  direct  strain 
through  the  toggle  plates  from  the  swinging  jaw  A  to  the  block  M.  In 
raising  the  connecting  rod  from  its  lowest  point,  however,  or  when  the  jaws 
are  opened  to  their  extreme  width,  a  considerable  torsional  strain  is  brought 
upon  the  connecting  rod,  and  also  on  the  shaft  carrying  the  eccentric  and 
fly-wheels.  For  this  reason  a  crucible  cast-steel  connecting  rod  has  been 
substituted  to  minimise  the  breakages  inseparable  from  this  form  of  con- 
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struction.  To  produce  fine  or  coarse  macadam,  the  swinging  jaw  can  be 
opened  or  closed  by  means  of  the  screw  L  and  wedge  E.  The  drawback 
movement  is  provided  by  the  rod  N,  attached  to  the  lower  part  of  the 
swinging  jaw,  and  fixed  to  the  back  end  of  the  machine  by  means  of  an 
india-rubber  spring  0. 

297.  Blake-Uarsden  Stone-breaker. — Another  type  of  stone-breaking 
machine,  made  by  Marsden  of  Leeds,  is  shown  in  sectional  elevation  in 
fig.  100.  It  is  known  as  the  improved  Blake,  or  lever  hand  hammer 
motion  stone-breaker.  The  letters  indicating  the  different  parts  of  the 
machine  are  arranged  as  in  fig.  99.     The  principle  followed  is  somewhat 


Fio.  100.  — BUke-Mareden  hand  lever  motion  stone-breaking  mAchine. 

similar  to  that  of  the  original  Blake,  but,  as  in  all  machines  constructed  on 
the  lover  principle,  there  are  excessive  strains  due  to  working  at  high  speeds, 
and  to  the  rapid  reciprocating  action  of  the  jaws  and  moving  paits.  The 
different  types  of  stone-breaking  machines  made  at  the  present  time  are  too 
numerous  to  describe  in  detail,  so  that  only  a  few  besides  the  Marsden  and 
Blake-Marsden  machines  will  be  mentioned. 

258.  Mr.  C.  E.  Hall  introduced  a  breaking  machine  in  1867  having  a 
multiple  action ;  that  is,  the  jaws  are  divided  into  two  parts  vertically,  and 
driven  separately  by  a  double  eccentric  on  a  main  shaft ;  in  other  words,  one 
jaw  recedes  as  the  other  advances.  The  action  of  the  connecting  rod  on  the 
eccentric  shaft  is,  as  already  pointed  out,  an  objectionable  feature,  owing  to 
the  excessive  and  continual  strain  which  it  has  to  withstand.  '  Broadbent's ' 
and  also  '  Mason's '  stone-breakers  are  similarly  constructed ;  that  is,  with 
toggles  and  a  connecting  rod  working  direct  on  a  shaft  by  means  of  eccen- 
trics. These  machines  require  great  power  to  set  them  in  motion,  and  also 
to  drive  them,  while  the  principle  on  which  the  eccentric  works  in  this  class 
of  stone-breakers  is  such  that  a  considerable  amount  of  power  is  lost  in 
lifting  the  mechanism  against  the  work  which  is  being  performed.  Notwith- 
standing  the  mechanical  defects  mentioned,  a  considerable  number  of  Broad- 
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bent's  machines  are  working  in  different  parts  of  England,  especially  in  the 
Clee  HiU  district. 

209.  The  stone-breaking  machine  which  has  for  many  years  back  been 
extensively  used,  and  proved  most  satisfactory  in  regard  to  breaking 
capacity,  quality  of  the  macadam  produced,  reduced  wear  and  tear,  econo- 
mical working,  and  the  small  amount  of  motive  power  necessary  to  drive  it 
compared  with  all  the  others  mentioned,  is  that  patented  and  made  by  Mr. 
W.  H.  Baxter  of  Leeds.  This  stone-breaking  machine  combines  many 
valuable  improvements  suggested  by  practical  experience ;  the  portable  type 
of  machine  with  the  automatic  screening  and  loading  appliances  has  supplied 
a  great  want,  and  at  the  same  time  made  certain  work  attainable  which  with 
the  machines  formerly  in  use  was  impossible. 

260.  Baxter's  Stone-breaker. — ^The  stone-breaker  (16  inches  by  9  inches) 
known  as  *'  Baxter's  Patent  Combined  Portable  Stone-breaking,  Automatic 
Screening,  and  Loading  Machine,"  will  be  described,  while  the  actual  amount 
of  work  which  it  is  capable  of  performing  and  the  cost  of  producing  macadam 
will  be  given  in  detail.  Various  sizes  of  this  type  of  stone-breakers  are  con- 
structed, the  largest  made  being  known  as  a  24  in.  by  15  in.  machine,  this 
being  the  size  of  the  opening  between  the  jaws  where  the  rock  is  fed  into 
the  machine;  it  has  a  guaranteed  breaking  capacity  of  16  tons  per  hour; 
the  smallest  size,  6  in.  by  4  in.,  breaks  30  cwts.  of  rock  per  hour.  The  size 
first  mentioned,  namely,  a  16  in.  by  9  in.  stone-breaker,  is  the  most  suit- 
able machine  for  general  use  in  quarries  worked  under  County  Councils,  for 
providing  macadam  for  renewing  and  repairing  the  highways.  The 
breaking  capacity  of  this  machine  is  60  tons  per  day,  which  amount  of 
macadam,  carted  direct  to  the  roads  under  repair,  will  provide  constant  work 
for  a  15-ton  roller  used  to  consolidate  the  metalling.  This  arrangement 
obviates  storing  the  material  in  the  quarry,  always  an  expensive  operation, 
which  will .  be  referred  to  further  on.  A  sectional  elevation  of  Baxter's 
machine  is  shown  in  fig.  101.  As  in  those  alKady  described,  there  is  a 
cast-iron  frame,  X,  having  suitable  flanges  cast  at  the  lower  corners  for  fixing 
the  wrought-iron  axles,  and  to  which  the  collars,  swivel,  and  foot  plate 
are  secured,  for  the  road  wheels;  while  means  are  provided  for  steering 
at  the  front  end. 

A  fly-wheel,  I,  is  fixed  to  the  outer  end  of  the  crank  shaft  H  on  either 
side  of  the  frame,  and  to  one  of  these  wheels  the  driving  pulley  J  is  attached. 
The  crank  shaft  in  rotating  conveys,  by  means  of  the  connecting  rod  G, 
motion  to  the  rocking  lever  D  (the  weight  of  which  is  sustained  by  a  shaft 
D^  at  its  lower  end,  on  which  it  rocks),  and  actuates  the  toggles  C  C.  These 
in  turn  provide  for  the  '  knapping  motion '  of  the  swinging  jaw  A,  which  is 
held  in  position  by  a  shaft  A^  at  the  upper  end,  and  gives  the  necessary  force 
to  break  the  rock  between  it  and  the  fixed  jaw  B.  The  ends  of  the  rocking 
lever  shaft  are  fitted  into  slide  blocks  placed  in  a  rectangular  recess  on 
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each  side  of  the  frame,  and  are  held  rigidly  in  a  vertical  position  by  means 
of  an  iron  strap  and  bolts.  This  arrangement  admits  of  the  swinging 
jaw  being  opened  or  closed  by  means  of  the  wedge  K  and  screw  L 
acting  on  the  toggle  block  M,  and  provides  for  the  rocking  lever 
moving  laterally  so  as  to  enable  long  or  short  toggles  being  fixed 
between  it,  the  swinging  jaw,  and  the  toggle  block.  Rollers  are  substituted 
in  the  more  recent  machines  for  this  purpose  with  a  view  to  reduce 
the  friction  and  wear  of  these  parts  to  a  minimum.  A  positive  drawback 
movement  is  obtained  by  the  rod  and  chain  N  fastened  at  one  end  to  the 


Fio.  101. — Sectional  elevation  of  Baxter's  stone-breaking  machine, 
through  bolt  N^,  which  also  retains  the  jaws  in  the  jaw  stock  in  proper 
position,  and  prevents  them  from  becomiug  loose.  The  chain  portion  of  the 
drawback  arrangement  passes  over  a  pulley  N^,  the  other  end  being  fastened 
to  a  pin  in  the  rocking  lever.  This  pulley  is  kept  taut  by  means  of  a  forked 
attachment  screwed  at  one  end,  and  attached  at  the  other  by  a  bolt  and  nut 
to  the  pulley.  The  screwed  end  passes  through  a  cross-bar  of  wood  0, 
strengthened  by  a  thin  steel  plate,  which  fits  into  a  recess  at  the  end  of  the 
frame,  the  whole  attachment  being  regulated  by  a  handle  P.  The  cross-bar 
0  is  purposely  made  elastic,  so  that  any  undue  or  accidental  strain  trans- 
mitted to  the  mechanism  may  be  instantly  relieved  by  its  yielding  to  that 
strain.  It  will  be  apparent  that  by  this  arrangement  the  movements  are  all 
in  one  direction  and  the  reciprocating  parts  thoroughly  balanced,  which  in 
actual  working  saves  motive  power,  while  breakages  are  practically  unknown 
when  the  machine  is  kept  in  efiicieut  order.  By  having  a  positive  drawback 
movement  the  undesirable  india-rubber  spring  is  dispensed  with,  an  arrange- 
ment common  to  most  other  stone- breaking  machines,  which  absorbs  a 
considerable  amount  of  power  in  compressing  the  spring  to  the  extent 
required  for  returning  the  swinging  jaw  after  the  completion  of  its  stroke. 

It  will  be  observed  that  the  toggles  working  in  the  toggle  bearings  c^,  and 
opemted  by  the  rocking  lever  through  the  shaft,  provides  an  intermediate 
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arrangement  between  the  driving  shaft  and  the  jaws  for  breaking  the  stones. 
At  the  same  time  grea;t  irregularity  of  movement  is  given  to  the  jaws  by 
having  compound  toggles,  and  this  also  gives  the  most  powerful  and  direct 
blow  possible  to  the  reciprocating  or  breaking  jaw. 

The  teeth  in  the  swinging  jaw  stock  are  made  straight  from  top  to 
bottom ;  the  upper  ones,  3^  inches  apart,  project  beyond  those  below  them; 
on  the  face  of  the  upper  fixed  jaw  the  teeth  are  also  projecting,  but  the  teeth 
of  the  lower  fixed  jaw  are  made  with  four  bends,  as  shown  in  section  in 
fig.  101,  and  are  spaced  2^  inches  apart,  so  that  their  ridges  work  into  the 
farrows  of  the  teeth  on  the  opposite  jaw.  The  large  vertical  space  provided 
by  this  means,  and  the  fixing  of  the  upper  jaw  in  the  swinging  stock  so  as  to 
project  over  the  lower  one,  enables  the  material  which  is  sledged  by  the 
upper  jaws  being  altered  in  position  relatively  when  passing  through  the 
lower  or  cubing  jaws. 

This  arrangement  produces  a  more  cuboidal  sample  of  macadam  and 
less  waste  than  when  the  teeth  of  all  the  jaws  are  continuous  and  straight 
from  top  to  bottom,  or  where  unnecessary  variations  of  form  are  introduced 
in  all  the  four  or  more  jaws  usually  employed.  The  fixed  jaws  are 
retained  in  position  by  means  of  side  wedges  Q,  those  in  the  swinging  stock 
being  run  in  with  white  metal  and  further  secured  by  means  of  through 
bolts.  The  bearings,  where  necessary,  are  provided  with  brass  bushes,  the 
shafts  and  other  important  parts  are  well  protected,  and  give  little  trouble 
in  actual  working.  Special  means  are  provided  for  properly  lubricating  the 
working  parts ;  this  demands  great  care  in  order  to  prevent  the  admission 
of  dust  to  the  bushes  and  shafting,  which,  if  permitted,  would  quickly  wear 
out  these  parts. 

The  framework  for  carrying  the  screens,  elevating  belt  and  delivery 
shoot,  is  shown  in  front  and  end  elevations  in  figs.  102  and  103.  The 
breaking  machine  mounted  on  wheels  with  the  fixings  employed  for  re- 
taining it  perfectly  rigid  while  at  work,  and  feeding  platform,  are  also 
illustrated. 

The  principal  part  of  the  framework  is  made  of  channel  irons  a,  fixed  on 
«ach  side  of  the  main  frame  of  the  machine,  and  extending  to  the  rear  of  it 
a  sufficient  length,  accommodates  the  lower  revolving  screen  5,  the  drum  c, 
for  the  elevating  belt,  and  the  necessary  gearing  for  operating  them.  On 
these  channels  an  open  framework  of  iron  bars  of  different  section  is  erected 
as  shown  in  figs.  102  and  103 ;  these  carry  the  pedestal  bearings  d  for  the 
screen  e,  elevating  belt  /,  and  also  the  delivery  and  return  shoots  g  and  A. 
The  lower  revolving  screen  is  fixed  on  two  '  spiders '  which  are  keyed  to  the 
shaft  b^  running  through  them ;  this  shaft  revolves  in  a  bearing  i  on  the 
front  end  of  the  machine,  while  at  the  other  end  it  runs  in  a  pedestal 
bearing  j  fixed  to  the  iron  cross-bearer  k,  which  also  secures  the  channel 
irons  together  at  a  fixed  distance  apart.     This  shaft  likewise  carries  the 
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hollow  drum  on  which  the  elevating  belt  gyrates,  and  to  which  it  is  properly 
keyed.  The  revolving  of  this  screen  is  provided  for  by  means  of  a  bevelled 
wheel  I,  fixed  on  the  rear  part  of  the  drum  in  which  a  pinion  m  works  at 
right  angles  to  the  shaft  h^  of  the  screen.  The  spindle  n  on  which  this 
pinion  is  keyed  revolves  in  the  pedestal  j  carrying  the  lower  screen  and 


Fio.  102. — Front  elevation  of  Baxter's  stone-breaking  machine. 

shaft,  while  at  the  other  end  it  runs  in  a  bush  attached  to  one  of  the 
channel,  irons,  on  the  end  of  which  is  keyed  the  pulley  wheel  o ;  it  is  also 
connected  by  a  driving-belt  to  the  cone  p,  on  the  fly-wheel  shaft  //,  so 
as  to  actuate  the  mechanism  connected  with  the  lower  screen. 

The  top  revolving  screen  and  drum  are  fixed  in  a  similar  manner ;  the 
shaft  e\  which  carries  them,  runs  in  two  upright  pedestal  bearings  d,  which 
rest  on,  and  are  fixed  to,  the  top  of  the  bracing  and  bracket  pedestal  as 
shown  in  the  figures.  Wooden  blocks  are  usually  inserted  between  the 
brackets  and  the  parts  carrying  them ;  these  can  be  raised  or  lowered  by 
wedges  in  order  to  accommodate  the  elevator  belt  to  the  varying  atmospheric 
conditions.  This  means  of  raising  or  lowering  the  top  screen,  and  con- 
sequently regulating  the  length  of  the  elevator  belt,  can  only  be  carried  out 
when  the  machine  is  at  rest,  and  may  probably  necessitate,  should  a  sudden 
change  in  the  temperature  take  place,  stopping  the  machine  to  rectify  this, 
which  would  involve  a  loss  of  time. 

261.  Lifting  Arrangement  for  Top  Screen. — The  author  has  adopted 
an  arrangement  which  prevents  this  delay,  and  also  ensures  the  shaft  of  the 
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lower  and  of  the  top  revolnng  screens  being  maintained  at  their  proper 
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Fio.  103.— End  elevation  of  Baxter's  stone-breaking  machine. 


This  device,  which  is  very 
I- 


distance  apart  while  the  machine  is  working, 
efficient  for  the  purpose  intended,  also  main- 
tains the  pedestals  and  shaft  of  the  top  revolving 
screen  perfectly  rigid;  it  is  constructed  and 
operated  in  the  following  manner. 

Two  pedestals,  J,  are  made  in  the  form 
shown  in  fig.  104,  and  are  bolted  permanently 
to  the  top  of  the  framework  at  one  end,  and 
to  the  bracket  at  the  other  end.  Two  metal 
blocks,  fig.  104,  occupy  the  central  or  open 
portion  of  the  pedestal,  that  at  A  being  fixed, 
while  provision  is  made  for  the  screw  C  work- 
ing through  it  vertically ;  the  block  B  carries 
the  end  of  the  shaft  of  the  revolving  screen 
in  each  pedestal,  and  is  arranged  so  as  to  slide 
in  a  recess  on  either  side,  which  secures  its 
position  horizontally.  When  the  breaking 
machine  is  not  working,  the  block  B,  carrying 
the  top  screen  and  drum  over  which  the 
elevating  belt  works,  is  lowered  towards  the  fixed  block  A,  by  means  of  the 


Fio.  104.— Deteils  of  lifting 
and  lowering  arrangement 
as  applied  to  Baxter's 
machine. 
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screw  operated  by  a  key.  Before  starting  work  the  top  screen  is  raised  at 
each  end  sufficiently  high  to  make  the  elevating  belt  taut ;  the  further  regu- 
lating of  it  being  carried  out  during  the  day  when  found  necessary.  By  this 
means  the  shaft  of  the  revolving  screen  can  be  kept  perfectly  level,  which 
is  a  considerable  advantage,  and  ensures  the  elevating  belt  working  properly 
on  the  dram,  thereby  saving  unnecessary  wear. 

The  expansion  of  the  india-rubber  elevating  belt  varies  according  to  the 
heat  prevailing,  and  is  considerable  at  times ;  a  rise  of  1  inch  in  the  sliding- 
block  B  will  represent  fully  2  inches  in  the  length  of  the  belt. 

262.  The  elevator  belt  consbts  of  india-rubber  sheet  4  to  5  ply  in 
thickness,  16  inches  broad  and  about  26  feet  long,  an  allowance  being  made 
for  joining  the  two  ends  by  overlapping.  The  lifting  buckets  are  spaced 
about  12  inches  apart  on  the  inner  side  of  the  belt,  and  are  attached  to  it  by 
means  of  plates  and  bolts  which  work  between  the  flanges  of  the  drums. 
The  actual  wear  caused  by  friction  on  the  drums  is  provided  for  by  attaching 
strips  of  india-rubber  sheeting  about  3^  inches  wide,  close  to  the  outer  edges 
of  the  inner  side  of  the  lifting  belt,  and  against  the  sides  of  the  buckets. 

The  portions  of  the  elevating  belt  between  the  buckets  are  protected  by 
narrow  plates  or  by  sheet  iron  properly  attached  to  it. 

The  upper  part  of  the  delivery  shoot  g  is  fixed  to  the  cross-bar,  and,  by 
another  bar  of  iron  formed  as  a  strut,  fixed  to  the  main  frame  of  the 
machine  and  to  one  of  the  vertical  bars.  The  shoot  is  provided  with  sides 
and  if  necessary  with  a  division  in  the  centre  for  retaining  the  different 
sizes  of  macadam  separately;  it  is  also  fitted  with  a  hinged  door  for 
storing  a  limited  quantity  of  metalling  during  the  interval  between  the 
departure  of  the  loaded  carts  and  placing  in  position  those  which  are  about 
to  be  loaded.  The  return  shoot  h  is  placed  so  that  any  rejectors,  or  pieces 
too  large  to  go  through  the  holes  in  the  top  revolving  screen,  fall  into  it  and 
are  carried  back  to  the  jaws  of  the  breaker. 

263.  Motive  Power  to  drive  Stone-breaker. — ^The  motive  power 
required  to  drive  this  class  of  stone-breaking  machine,  including  the  auto- 
matic lifting  and  screening  aiTaugements,  is  generally  provided  by  an  8  h.-p. 
(nominal)  traction-  or  road-engine.  Where  a  permanent  breaking  plant  is 
erected  the  driving  power  is  invariably  supplied  by  a  stationary  engine 
under  a  suitable  building  to  protect  it  from  the  weather  and  dust  from  the 
breaking  machine.  The  power  required  to  drive  Baxter's  stone-breakers  may 
be  taken  at  1  h.-p.  nominal  for  every  ton  the  machine  is  guaranteed  to 
break  per  hour.  The  cost  of  a  plant  similar  to  that  described  in  the  fore- 
going sections  is  £300. 

The  removal  of  the  breaking  machine  from  one  quarry  or  dep6t  to  another 
is  generally  performed  by  the  same  engine  which  drives  it  when  breaking. 
Boad-rollers,  however,  may  be  at  times  made  use  of  for  this  work. 

264.  Setting  and  Working  a  Stone-breaking  Hachina— When  the 
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stone-breaking  plant  arrives  at  the  quarry  where  operations  are  to  be  carried 
on,  it  is  necessary,  in  the  first  instance,  to  place  the  road  wheels  of  the 
breaking  machine  on  planks,  previously  levelled  horizontally  and  trans- 
versely. The  site  for  placing  the  planks,  and  consequently  the  position  of 
the  breaking  machine,  should  be  selected  so  as  to  be  situated  centrally  in 
relation  to  the  heap  of  quarried  rock  to  be  broken.  By  giving  this  matter 
some  little  attention  the  length  of  the  'barrow  runs'  may  be  equalized, 
which  will  result  in  the  cost  of  wheeling  being  reduced  to  a  minimum.  The 
wheels  of  the  machine  should  be  properly  secured,  so  that  there  will  be  as 
little  movement  as  possible  from  vibration  caused  by  the  machine  when 
working.  By  referring  to  figs.  102  and  103  the  usual  method  of  attaining 
this  end  is  iHustrated. 

The  two  planks  r  r,  12  inches  by  6  inches  and  10  feet  long,  after  being  pro- 
perly levelled,  are  so  spaced  as  to  ensure  that  the  travelling  wheels  will  rest 
on  them  centrally.  Wooden  blocks  1 1  inches  by  5^  inches,  generally  made 
in  one  piece,  are  placed  on  each  plank  between  the  front  and  rear  wheels 
and  properly  formed  at  either  end  to  fit  the  curvature  of  the  flanges  of  the 
wheels.  Two  other  sets  of  blocks,  but  curved  at  one  end  only,  are  placed  in 
position  against  the  front  and  rear  wheels.  Two  planks,  11  inches  by  3 
inches,  provided  with  ^-inch  iron  plates,  are  then  placed  one  in  front  and 
the  other  at  the  rear.  These  plates  serve  the  purpose  of  washers  attached 
to  the  outside  of  the  planks  opposite  the  wheels,  and  should  be  sufficiently 
long  to  admit  of  the  through  bolts  placed  on  either  side  of  the  wheels  being 
properly  embraced  by  them. 

All  the  blocks  and  cross  planks  are  kept  rigidly  in  position  by  four 
through  or  side  bolts  1  inch  in  diameter,  one  being  placed  on  either  side  of 
each  of  the  wheels  and  provided  with  screws  at  either  end ;  this  arrange- 
ment lends  itself  to  speedy  handling,  while  all  the  bolts  are  firmly  secured 
by  nuts. 

The  rear  end  of  the  framework  at  the  elevating  belt  requires  to  be 
supported  and  made  as  rigid  as  possible ;  this  is  readily  accomplished  by 
means  of  two  planks  with  uprights  between  and  tied  together,  or  they  may 
be  braced  as  shown  in  the  end  elevation,  fig.  103. 

The  feeding  platform  is  erected  by  fixing  a  few  uprights  about  4  feet 
clear  of  the  framework ;  these  are  placed  on  the  opposite  side  of  the  machine 
on  which  the  delivery  shoot  is  attached ;  the  cleading,  which  forms  the 
floor  resting  on  the  cross  bearer  of  the  iron  framework,  is  fixed  immediately 
below  the  level  of  the  mouth  of  the  machine.  Side  pieces  of  timber  are 
fixed  round  the  feeding  platform  to  prevent  any  stones  falling  into  the 
working  parts  of  the  breaker,  while  the  top  of  the  cleading  is  sometimes 
covered  with  iron  plates ;  this  precaution  preserves  the  planks,  which  are 
otherwise  quickly  worn  through  by  the  incessant  dumping  of  stones  on 
it,  and  by  the  subsequent  shovel  work  in  transferring  the  material  to  the 
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jawB  of  the  machine.  Barrow  runs  are  then  arranged,  having  easy  gradients 
from  the  quarry  floor  to  the  feeding  platform,  the  sledged  material  being 
generally  wheeled  to  the  machine  by  four  men,  but  when  the  distance  is  con- 
siderable five  or  six  men  may  be  required  for  this  work.  If  the  stone-breaking 
machine  has  been  placed  at  a  suitable  point  in  relation  to  the  quarried  rock, 
a  less  number  of  men  will  be  necessary  to  wheel  the  material  to  the  feeding 
platform  than  when  the  site  has  been  selected  to  suit  other  minor  con- 
siderations. Before  the  actual  breaking  operations  are  commenced,  the 
machine  should  be  run  while  empty  for  a  few  minutes  to  ascertain  if  all  the 
working  parts  are  in  proper  order. 

The  feeding  of  the  material  into  the  jaws  of  the  machine,  t,  figs.  102 
and  103,  is  performed  by  two  men,  who  place  the  large  pieces  of  rock  into  it 
by  hand,  and  the  smaller  material  by  shovels  so  as  to  keep  up  a  steady 
and  constant  supply  of  stones  in  order  that  the  capacity  of  the  breaker 
may  be  utilized  to  its  full  extent,  without  overstraining  or  choking  taking 
place.  Stone-breakers,  into  the  jaws  of  which  the  material  is  shot  or  tipped 
in  a  promiscuous  manner,  do  not  produce  macadam  so  well  cubed  as  when 
hand-fed;  by  the  latter  means  the  rock  can  be  placed  in  the  machine 
with  due  regard  to  its  line  of  cleavage,  while  the  amount  of  screenings  is 
considerably  less  than  in  the  former  method  of  feeding.  The  material, 
after  passing  through  the  jaws  of  the  machine,  is  conveyed  by  means 
of  a  shoot  u  to  and  passed  along  the  lower  revolving  screen  b;  the 
dust,  chips,  and  gravel  deposited  underneath  are  removed  and  placed  in 
separate  heaps  at  some  convenient  point  for  future  use.  The  actual 
macadam,  including  the  rejectors  or  large  pieces  of  stone,  and  which  should 
form  a  fairly  large  proportion,  are  delivered  into  the  elevating  belt  and 
buckets/,  and  then  conveyed  to  the  top  drum,  where  the  material  is  dis- 
charged into  the  top  revolving  screen  c,  by  means  of  a  shoot. 

265.  The  maximum  size  of  the  macadam  will  be  determined  by  the 
diameter  of  the  holes  in  the  top  screen;  any  stones  exceeding  that  size 
must  necessarily  pass  to  the  end  of  the  screen,  and,  falling  into  the  rejector 
shoot  h,  pass  through  the  jaws  of  the  breaking  machine  again.  By  judiciously 
opening  the  jaws  somewhat  wider  than  is  necessary  for  the  size  of  the 
metal  aimed  at,  especially  when  breaking  rock  of  a  siliceous  nature,  the 
best  sample  of  macadam  will  be  obtained,  and  a  less  percentage  of  screenings 
be  produced. 

In  quarries  where  the  breaking  machinery  is  placed  in  a  permanent 
position,  and  especially  where  more  breakers  than  one  are  employed,  the 
material  from  the  quarry  face  is  generally  transported  to  the  breaking 
machines  by  means  of  bogies.  The  tram-roads  are  laid  to  and  adjoin  the 
feeding  platforms ;  these  platforms  are  inclined  towards  the  jaws  of  the 
machine  on  to  which  the  rock  is  tipped;  one  man  guides  and  regulates 
the  material  into  the  mouth  of  the  machines  with  an  iron  rod.     Under 
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such  circumstances  the  stone-breaking  machines  are  generally  (at  all  events 
those  used  for  sledging  the  rock)  of  a  comparatively  large  size,  so  that 
careful  feeding  is  not  so  important  as  in  smaller  machines.  Before  detailing 
the  amount  of  work  done  by  a  stone-breaking  machine  and  the  cost  of 
production,  it  will  be  necessary  to  explain  the  means  adopted  in  removing 
and  replacing  the  jaws  when  they  become  worn,  and  the  arrangement 
employed  by  which  the  top  revolving  screen  is  removed  when  necessary 
in  transferring  the  machine  from  one  quarry  to  another. 

The  crane  arrangement  for  lifting  out  and  replacing  the  jaws  consists 
of  two  T-iron  uprights  fitted  into  recesses,  and  bolted  to  the  framework 
on  either  side  close  to  the  position  occupied  by  the  jaws.  At  the  upper 
end  a  cross-bar  on  edge  is  fitted,  and  a  hook  with  block  and  tackle  attached 
for  lifting  and  lowering  the  jaw  stock  and  fixed  jaws.  The  renewing  of 
the  jaws  in  the  jaw  stock  requires  careful  attention,  as,  should  the  white 
metal  not  be  uniformly  ran  in  and  around  the  jaws,  breakage  may  take 
place  when  at  actual  work. 

266.  Bemoving  Top  Screen  when  TraveU]ng.->The  top  revolving  screen 
should  for  convenience  and  safety  be  unshipped  when  removing  the  machine 
from  one  quarry  to  another,  especially  in  thickly-wooded  districts  and  in  places 
where  the  service  roads  are  tortuous  and  rough.  The  process  of  lowering 
it  down  by  means  of   ropes  and  planks  is  not  wholly  free  from  danger. 


Fio.  105. — Baxter's  machine ;  mode  of  removing  top  screen. 

while  the  time  occupied  in  either  lifting  or  lowering  the  screen  is  con- 
siderable. A  simple  means  adopted  by  the  author  for  this  purpose  consists 
of  two  iron  standards  bolted  to  each  pedestal  block,  as  shown  in  fig.  105. 
A  cross-bar  A  with  check  studs  is  fitted  into  a  recess  of  and  extends 
between  the  standards  B ;  the  hook  C  on  this  bar  is  attached  to  the  block 
and  tackle  D. 
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The  standards  and  cross-bar  require  to  be  of  such  height  that  when 
the  lifting  block  is  attached  there  will  be  ample  space  for  the  top  of  the 
screen  clearing  the  cross-bar,  and  the  ends  of  the  shaft  becoming  disengaged 
from  the  sliding  blocks  in  the  pedestal  bearings.  When  travelling,  the 
height  of  these  standards  would  in  most  cases  prove  inconvenient ;  pro- 
vision is,  therefore,  made  for  the  removal  of  one  of  the  stud  bolts  on 
either  side,  so  that  each  standard  can  be  folded  over  inwards  to  the  level 
of  the  pedestal  block  and  secured  in  that  position,  as  shown  by  the  dotted 
lines  in  the  illustration. 

'  267.  Quantity  of  macadam  broken  and  cost  per  toa — ^The  amount 
of  rock  reduced  by  sledging  to  a  proper  size,  namely  16  inches  by  9  inches, 
which  a  stone  -  breaking  machine  of  the  size  described  can  break  in  one 
day,  will  depend  on  the  nature  of  the  rock  operated  on  and  the  number 
of  hours  the  machine  is  at  work,  while  the  climatic  conditions  also  enter 
largely  into  the  question  of  the  actual  performance  of  the  machine. 
Taking  an  average,  based  on  an  experience  extending  over  a  considerable 
number  of  years,  the  author  finds,  taking  all  classes  of  whinstone  and 
basalt  rocks  into  consideration,  that  it  amounts  to  from  60  to  64  tons  of 
macadam  broken  in  nine  hours.  The  amount  of  chips  and  gravel  pro- 
duced wiU  necessarily  vary  according  to  the  nature  of  the  rock,  and  the 
percentage  may  be  as  high  as  5  cwts.  per  ton  of  rock  broken,  while  with 
material  of  a  tough  nature  the  amount  of  screenings  may  only  be  3  cwts. 
per  ton.  The  weight  of  the  chips  and  gravel  is  ascertained  occasionally, 
so  as  to  fix  the  proportion  of  screenings  to  macadam.  The  average, 
however,  may  be  taken  as  3^  cwts.  per  ton  of  rock  broken,  which  will 
make  the  inclusive  weight  of  material  broken  by  one  of  Baxter's  16  inch 
by  9  inch  automatic  and  screening  machines  from  70^  to  75|^  tons  per 
day  of  nine  hours. 

This  may  be  taken  at  8  tons  per  hour,  which  corresponds  with  the 
results  obtained  in  other  counties  in  Scotland  when  the  work  is  carried 
on  under  similar  conditions.  The  amount  of  the  screenings,  consisting  of 
chips  and  gravelly  material,  is  generally  in  excess  of  the  requirements  in 
most  districts.  It  will  be  more  conclusive,  therefore,  in  arriving  at  the 
cost  of  producing  macadam,  to  calculate  the  price  of  the  material  actually 
applied  to  the  roads  for  renewal  or  maintenance  purposes. 

It  may  be  mentioned,  in  passing,  that  the  chips  and  giuvel  afford  an 
excellent  material  for  binding  in  connection  with  rolling  operations,  and 
when  thus  employed,  or  made  use  of  for  repairing  footpaths,  the  value  of  the 
material  used  should  be  credited  on  the  side  of  breaking. 

For  the  purpose  of  determining  the  cost  of  producing  macadam  by 
means  of  a  stone-breaking  machine,  the  actual  or  serviceable  material  which 
can  be  applied  directly  to  the  roads  will  be  considered  first. 
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Table  XXVII. 
Cost  of  breaking  macadam  by  machinery. 

Enginexnan, £0    4    0 

Cioals  (steam   navigation)  for  stone-breaking   machine, 

6  cwts.,  including  carting  an  average  distance  of  2 

miles,  at  128.  per  toD, 0    8    8 

Carting  water  for  stone-breaking  machine,  one-third  day 

of  a  horse  at  8s., 0    2    8 

Foreman  of  breaker, 0    8    8 

Feeders,  two  men  at  8s.  6d 0    7    0 

Barrowmen  (performed  by  contract  at  2id.  per  ton  on 

72  tons  of  rock), 0  15    0 

Removing  chips  and  gravel,  one  man,  0    8    2 

Lubricants  and  waste  for  engine  and  breaker,  .        .  0    18 

Allow  for  time  lost  in  removing  plant  from  one  quarry 

to  another  once  in  three  weeks,  one  day  of  whole  squad,  0  2  6 
Depreciation  on  engine  and  repairs,  including  sleeping 

van  and  water  cart, 0    4    0 

Depreciation    and    repairs    of  stone-breaker,  including 

renewal  of  jaws,  lifting  belt  and  buckets,  screens,  etc.,        0    8    0 

Cost  of  breaking  per  day,     .  .      £2    9  11 

This  is  the  actual  expenditure,  including  depreciation  on  one  day's  work. 
If  62  tons  of  macadam  be  taken  as  an  average  day's  breaking,  the  cost  will 
be  9-66d.  per  ton. 

This  is  increased  beyond  the  actual  working  expenses  by  the  necessity 
of  recording  the  weight  of  the  broken  material,  which  is  performed 
immediately  after  breaking,  and  before  it  is  removed  to  the  roads  under 
repair.  This  is  effected  by  means  of  a  portable  steelyard,  such  as  Pooley's 
agricultural  type  of  weigh-bridge,  the  parts  of  which  are  easily  put  to- 
gether or  removed;  it  is  of  a  light  but  strong  construction,  and  can  be 
readily  adjusted.  The  cost  of  weighing  the  macadam,  including  depre- 
ciation and  repairs  of  the  machine,  may  be  taken  at  3s.  per  day,  or 
equal  to  0'58d.  per  ton.  This  additional  expenditure  may  not  be 
absolutely  necessary,  but  it  is  advisable  to  ascertain  exactly  the  quantity 
of  macadam  broken  each  day.  When  the  haulage  of  the  metalling  from 
the  breaker  to  the  highways  is  performed  by  contract,  it  becomes  indis- 
pensable to  weigh  the  macadam. 

There  are  other  circumstances  which  have  also  to  be  considered  in 
arriving  at  the  ultimate  actual  cost  of  producing  macadam  by  means  of 
a  breaking  machine,  as,  for  instance,  the  inclement  nature  of  the  weather 
or  a  breakdown.  In  the  latter  case,  if  the  machine  is  kept  in  an  efficient 
state  of  repair  and  properly  managed,  the  loss  by  such  a  possibility  is 
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veiy  small  indeed.  In  the  former  case  it  will  depend  entirely  on  the 
weather,  and  as  the  leading  hands  are  paid  full  time  even  during  delays 
caused  by  wet  weather  or  otherwise,  it  is  necessary  to  allow  a  sum  to  cover 
this  loss.  The  experience  of  the  author  is  that  an  amount  equal  to  0*32d. 
per  ton  will  be  ample  to  meet  such  a  contingency.  These  items  summarized 
represent  the  actual  cost  of  preparing  macadam  delivered  into  carts  or 
wagons  under  ordinary  conditions,  and  are  as  follows : — 


Table  XXVIII. 

Fence  per  ton. 

Cost  of  breaking  macAdain, 9 '66 

Weighing  macadam, 0*58 

ContingencieSi 0*82 

Total  cost, 10-66 

In  the  event,  however,  of  a  quantity  of  chips  and  gravel 
being  utilized  in  rolling  or  for  other  operations,  a  sum 
equal  to  say  15  per  cent,  of  the  value  of  the  total  amount 
of  screenings  should  be  deducted,  amounting  to         .  0*50 

Total  cost  after  deduction,  .  .      10*06 


The  cost  of  labour  and  the  fuel  for  the  engines  have  a  bearing  on 
the  total  cost  per  ton  of  macadam  broken,  and  may  vary  considerably  in 
different  counties  and  districts.  The  author  has  on  many  occasions  accom- 
plished this  work  for  9d.  per  ton  (but  the  inclusive  cost  has  generally  been 
lO^d.)  by  arranging  the  work  to  be  carried  out  during  the  most  suitable 
months  of  the  year.  If  the  working  expenses  incurred  be  calculated  on 
the  total  amount  of  rock  broken  each  day,  then  the  cost,  taking  the  quantity 
as  72  tons,  would  be  8'32d.  per  ton. 

On  referring  to  p.  181  it  will  be  seen  that  the  comparative  cost  of 
hand-broken  macadam  is  Is.  3d.  to  2s.  6d.  per  cubic  yard,  or  Is.  l^d.  and 
2s.  3d.  per  ton  respectively.  The  average,  however,  may  be  taken  at  Is.  9d. 
per  ton,  which  represents  the  price  paid  for  this  class  of  work  previous 
to  the  introduction  of  stone-breaking  machinery  into  the  district  of  which 
the  author  has  charge ;  but  it  may  be  incidentally  remarked  that  the  price 
for  hand-broken  macadam  is  now  much  higher.  The  difference  in  the 
cost  of  production  between  hand  and  machine-made  macadam  is  therefore, 
taking  lid.  per  ton  for  the  latter,  nearly  48  per  cent,  in  favour  of  macadam 
produced  by  a  stone  -  breaking  machine.  It  may  be  mentioned  here, 
although  the  matter  will  be  described  fully  in  the  chapter  on  "  Boiling," 
that  the  macadam  produced  by  a  breaking  machine,  being  properly 
screened,  makes  a  much  superior  road  surface  compared  to  that  which  can 
be  made  with  unscreened  hand-broken  metal. 
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If  band-broken  metal  be  screened  so  as  to  improve  its  wearing  capacity, 
tben  tbe  saving  in  favour  of  macadam  produced  by  macbinery  will  be 
still  greater. 

268.  Tbe  requirements  of  a  district  or  county  in  regard  to  tbe  quantity 
of  macadam  required  for  maintenance  will  depend  in  a  great  measure 
on  tbe  amount  of  traffic,  tbe  quality  of  tbe  material  used,  and  tbe  mileage 
of  roads  to  be  repaired  eacb  year.  Wben  tbe  quantity  does  not  exceed 
3000  or  10,000  tons  eacb  year,  one  stone-breaker  of  tbe  construction  and 
size  described  will  accomplisb  tbis  in  from  seven  to  eigbt  montbs,  allowing  for 
tbe  time  lost  by  occasional  wet  weatber  and  otber  causes.  If  tbe  quantity 
of  metalling  required  eacb  year  exceeds  tbese  figures,  it  will  be  more 
oconomical  to  employ  two  or  more  macbines,  so  tbat  tbe  total  quantity 
necessary  for  repairs  may  be  broken  during  tbe  summer  montbs.  One 
«tone  -  breaking  macbine  working  during  tbe  wbole  year  in  different 
quarries  will  be  capable  of  producing,  jn  addition  to  tbe  8000  tons  already 
mentioned,  a  quantity  during  tbe  otber  four  or  five  montbs  of  tbe  year 
of  from  3500  to  4400  tons,  or  a  total  for  tbe  wbole  season  of  from  12,400 
to  13,500  tons  of  macadam. 

Tbe  cost  of  production  during  tbe  winter  montbs  will  be  increased  con- 
siderably, and  in  many  instances  may  exceed  tbe  cost  of  breaking  tbe 
material  by  band. 

Tbis  does  not,  bowever,  apply  wben  fixed  macbinery  is  employed, 
wbere  tbe  work  is  carried  on  during  tbe  wbole  of  tbe  year,  altbougb  tbe  cost 
is  sometimes  increased  by  working  on  a  sbort  day,  or  even  on  full  time 
at  tbat  period  of  tbe  year  wben  using  tbe  electric  or  otber  ligbt  Under 
tbese  circumstances  it  is  usual  to  erect  a  covering  over  all  tbe  stone- 
breaking  plant  in  order  to  afford  sbelter  for  tbe  men  engaged,  and  so 
admit  of  the  work  proceeding  witbout  interruption.  Tbis  also  protects  tbe 
macbinery  during  unfavourable  weatber. 

269.  Amount  of  work  performed  by  working  parts,  and  OoBt  of 
Xenewala. — Tbe  wearing  parts,  namely  tbe  jaws,  wedges,  toggles,  and 
toggle  bearings,  lower  and  top  revolving  screens,  elevator  belt  and  buckets, 
etc.,  are  easily  renewed ;  tbeir  life  of  usefulness  will  depend  on  tbe  amount 
of  work  performed,  tbe  nature  of  tbe  rock  broken,  and  on  tbe  care  witb 
wbicb  tbe  different  parts  of  tbe  macbine  are  attended  to. 

Taking  an  average  over  many  years  tbe  more  important  parts  men- 
tioned will,  depending  on  tbe  quality  of  tbe  material  used  in  tbeir 
manufacture,  perform  approximately  tbe  following  work  before  tbe  neces- 
sity arises  for  renewing  tbem. 
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Table  XXIX. 

Tons. 

CJost 

Cost  per  ton 
0-066 

Upper  jaws  (reveraible),    . 

8,000 

8, 

44 

Lower  jaws  (reversible),     . 

4,000 

44 

0132    . 

Top  screen,  plates  i  in.  thick,  . 

24,000 

120 

.    0-060 

Lower  screen, 

48,000 

90 

0-022 

Elevator  belt,  S-ply,  plates,  etc.. 

82,000 

240 

0090 

Buckets,  set  of  25,    . 

8,000 

40 

0-060 

Toggles  and  bearings,  side  wedges, 
etc.,  1  set 

8,000 

55 

0-082 

0-512 

270.  The  top  revolving  scieen  of  the  stoue-breaker  is  usaally  con- 
structed so  as  to  produce  two  different  sizes  of  macadam,  and  a  division  in 
the  delivery-shoot  provided  for  this  purpose  enables  each  class  to  be 
removed  at  will. 

£y  this  arrangement  the  smaUer- sized  macadam  can  be  used  for 
patching  or  for  coating  the  hilly  parts  of  the  highways,  but  it  is  seldom 
the  case  that  both  sizes  of  macadam  can  be  consolidated  separately  on  the 
same  road. 

It  therefore  becomes  necessary  to  store  one  or  other  class  of  macadam, 
which,  on  economical  grounds,  should  be  avoided  as  much  as  possible. 

This  will  be  apparent  when  it  is  considered  that  to  store  and  refill  road 
metal,  an  expenditure  of  from  3d.  to  5d.  per  ton  is  incurred. 

It  is  more  usual,  however,  to  have  different  sets  of  top  revolving  screens 
having  perforations  of  a  size  suitable  for  the  work  on  hand,  so  that  the  total 
amount  of  macadam  broken  may  be  removed  direct  to  the  roads  under  repair. 

For  general  purposes  a  top  screen  having  holes  2|  inches  in  diameter  will 
suit  the  requirements  and  conditions  of  work  generally,  and  may  save  the 
employment  of  other  screens  having  a  mesh  of  a  larger  or  less  diameter, 
provided  the  method  by  which  the  renewal  or  repair  of  the  surface  of 
the  roads  is  properly  considered,  and  the  necessary  work  is  arranged  for  in 
a  practical  manner. 

The  stone-breakiug  machine  which  has  been  described  fully  in  the 
foregoing  pages  is  the  only  practical  machine,  so  far  as  the  author  is 
aware,  combining  the  simplest  form  of  construction  for  the  efficient  opera- 
tions of  breaking,  screening,  and  loading.  The  detailed  amount  of  work  which 
can  be  accomplished  by  its  use,  and  the  working  expenses  involved  in 
the  production  of  macadam,  are  such  as  will  compare  favourably  with 
any  other  make  of  machine  for  similar  purposes,  while  the  motive  power 
necessary  to  work  it  is  considerably  less  than  in  the  case  of  most  of  the 
other  stone-breakers.  The  latest  design  of  this  stone-breaker  is  shown 
in  fig.  106. 


Fig.  106. — Baxter's  stone-breaking  machine,  latest  design.         [To  face  p.  20 
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271.  Marsden  of  Leeds  and  Mason  of  Leicester  make  a  f  onn  of  screening 
and  loading  machine,  which  is  so  arranged  that  all  the  material  broken  is 
elevated  overhead  to  the  top  revolving  screen,  where  the  dust,  chips,  and 
macadam  are  separated.  In  working  a  breaking  machine  with  this  arrange- 
ment it  is  obvious  that  the  dust  treated  at  such  a  height  will  be  blown  in 
•every  direction  during  the  prevalence  of  wind,  causing  great  inconvenience 
to  the  men  engaged  in  working  the  machine.  The  increased  carrying  capa- 
city required  for  the  elevator  belt  will  necessarily  involve  a  greater  motive 
power  to  overcome  the  friction  caused  by  this  additional  weight  of  material 
being  raised. 

A  great  variety  of  the  jaw  type  of  stone-breaking  machines  are  in  use  in 
the  United  States  and  other  countries,  all  more  or  less  constructed  on  the 
same  principle  as  the  original  Blake.  One  form  of  stone-breaker  differing 
widely,  in  the  principle  of  construction  and  working,  from  the  type  of  machines 
known  in  this  country  has,  it  is  stated,  been  performing  record  work  in 
America. 

272.  Gkktes'  '  Stone  Crusher.'— This  machine  is  known  by  the  name  of 
the  *  Gyratory  Rock  and  Ore  Crusher,'  and  is  manufactured  by  the  Gates 
Iron  Works  of  Chicago.  As  the  name  implies,  the  mechanism  is  such  that 
the  '  crushing  cone,'  fitted  on  to  a  vertical  or  main  shaft  with  a  certain 
amount  of  eccentricity,  impinges  during  its  gyration  against  the  material  to 
be  broken,  and  also  approaches  to  and  recedes  from  the  sides  of  the  enclosed 
cylindrical  shell.  The  necessary  power  for  operating  the  crusher  is  trans- 
mitted by  bevel  gearing  and  pinion,  and  is  driven  direct  by  a  belt  and  pulley 
fixed  on  the  counter  shaft. 

It  works  without  the  intervention  of  fly-wheels,  such  as  occur  in  the 
other  types  of  stone-breaking  machines,  and  it  is  claimed  that  under  working 
conditions  there  is  little  or  no  vibration. 

It  is  of  simple  construction,  and  has  few  working  parts.  The  strain  on  the 
gearing,  however,  when  running  at  a  high  speed,  must  necessarily  be  very 
great,  from  which  it  is  reasonable  to  suppose  that  great  wear  and  tear  and 
occasional  breaking  of  these  parts  will  take  place.  This  machine,  although 
specially  designated  a  '  crusher,'  would  appear,  from  the  construction  and 
movement  of  the  working  parts,  to  create  a  sliding  motion  which  would 
naturally  subject  the  material  to  crushing.  This,  however,  does  not  occur 
to  any  great  extent  in  actual  practice,  the  machine  turning  out  a  very  fair 
sample  of  macadam. 

A  vertical  section  of  the  gyratory  machine,  known  as  the  *  D  type,' 
which  is  the  latest  form  of  crusher  made  by  this  firm,  is  shown  in  fig.  107 
fixed  on  a  timber  foundation. 

The  principal  parts  of  the  crusher  may  be  described  as  follows  : — The 
shaft  A  is  held  rigidly  at  the  top  in  the  spider  J,  while  it  is  gyrated  by 
means  of  the  bevel  gearing- wheel  D,  the  bevel  pinion  £,  the  counter-shaft 
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F,  and  the  pulley  Q.  The  eccentric  B  admits  of  the  shaft  carrying  the 
crashing  head  or  truncated  cone  C  approaching  to  and  receding  from  the 
shell  n.  Inside  the  latter  the  concaves  I  are  fixed,  by  which  means  the  cone 
impinges  the  rock  against  the  concaves.     The  material  to  be  treated  is 


Fio.  107. — Gates'  gyratory  stone-crusher  (sectional  eleyation). 

dumped  into  the  feeding  hopper  E,  and  after  being  broken  leaves  the- 
machine  by  the  shoot  L  to  be  elevated  to  the  sorting  sheds  or  screened 
under  the  foundation  on  which  the  machine  rests.  In  the  former  case  the 
whole  of  the  broken  material,  of  varying  sizes,  is  distributed  by  conveyors 
into  separate  bins  for  immediate  removal,  or  stored  for  subsequent  use. 

The  foundation  for  this  type  of  crusher  may  be  of  timber,  mason  work, 
or  concrete,  to  which  the  bottom  plate  M  is  fixed.  This  class  of  crasher  is 
made  in  different  sizes,  and  is  calculated  to  break  from  2  tons  per  hour 
with  a  No.  0  machine^  requiring  4  h.-p.  (indicated)  to  drive  it,  up  to  No.  8, 
which  is  intended  to  break,  according  to  the  nature  of  the  rock,  from  100 
to  150  tons  per  hour,  requiring  an  engine  with  an  indicated  h.-p.  of  from 
100  to  150  to  drive  it,  including  the  screening  and  elevating  arrangements. 

The  price  of  the  No.  0  machine  is  £75  and  that  of  the  No.  8  £1400, 
which  figures  do  not  include  the  cost  of  the  necessary  foundations.  Thifr 
stone-crusher  has  not,  unlike  most  other  American  inventions,  been  exten> 
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sively  used  in  this  country  yet.  The  only  recorded  trial  of  their  working,  of 
which  the  author  is  aware,  was  that  in  open  competition  with  a  Baxter's 
stone-breaking  machine  at  the  Bath  and  West  of  England  Show  held  at 
Bristol  in  June  1886.  The  stated  capacity  of  the  gyratory  crusher  (No.  5 
machine)  was  40  tons  per  hour,  and  it  was  driven  by  a  10  h.-p.  engine,  but  the 
actual  quantity  of  macadam  produced  was  only  at  the  rate  of  about  eight  tons 
per  hour.  The  other  stone-breaker,  Baxter's  16  inches  by  9  inches,  guaranteed 
to  break  8  tons  per  hour,  actually  broke  at  the  rate  of  12  tons  per  hour^ 
and  was  driven  by  a  6  h.-p.  engine.  An  extensive  plant  of  the  gyratory 
type  has  been  recently  laid  down  at  the  granite  quarries  near  Dalbeattie, 
Kirkcudbright,  and  has  also  been  introduced  at  Hartshill  quarries,  Leicester- 
shire, and  at  Aldemey,  in  the  Channel  Islands.  It  will  be  interesting  as  well 
as  instructive  to  follow  the  actual  performance  of  these  machines  on  a  class 
of  rock  similar  to  what  the  type  of  stone-breaking  machines  used  in  this 
country  are  accustomed  to  break  into  macadam,  of  which  the  quantity  and 
cost  of  production  are  known. 

Haulage. 

278.  The  hauling  or  convejring  of  macadam  from  the  breaking  machine 
or  quarry  to  the  section  of  road  under  repair  may  be  performed  either  by 
means  of  team  labour  or  by  traction-engines  and  wagons.  Team  work  may 
be  paid  for  at  so  much  per  day  for  each  horse  and  cart,  but  is  generally 
contracted  for  at  a  price  per  ton-mile,  or,  in  other  words,  by  results.  The 
former  method  may  answer  to  a  limited  extent  under  certain  circumstances, 
but  is  not  economical. 

274.  Cost  of  Haulaga — The  cost  of  haulage  is  arrived  at  by  taking  the 
total  quantity  of  macadam  carted  direct  from  the  stone-breaking  machine  to 
the  road,  where  rolling  operations  are  being  carried  on,  or  in  the  case  where 
the  surface  repairs  are  executed  on  the  patching  system,  to  the  road-side 
depdts,  and  the  price  per  ton  at  the  average  distance.  The  average  cost  is 
determined  by  the  price  per  ton-mile,  and  the  mean  distance  from  the  quarry 
to  a  point  midway  between  the  nearest  and  the  furthest  points  of  the  road 
^pon  which  the  macadam  is  applied.  This  work  is  best  performed  by  con- 
tract, the  conditions  generally  being  that  tip-carts  only  are  to  be  employed, 
and  that  the  quantity  of  material  which  must  be  transported  each  working 
day  is  stipulated,  according  to  the  breaking  capacity  of  the  machine  employed. 

275.  Number  of  Horses  and  Carts  required. — The  varying  conditions 
of  the  work  necessitate  the  employment  of  a  greater  or  less  number  of  carts 
during  the  progress  of  the  rolling  operations,  depending  on  whether  the 
distance  is  considerable  or  otherwise  to  which  the  macadam  is  to  be  con- 
veyed. The  number  of  horses  and  carts  engaged  will  also  depend  to  a 
certain  extent  on  the  nature  of  the  service  roads  over  which  the  material  is 
to  be  conveyed.     When  a  quantity  equal  to  23  or  24  cwts.  of  macadam  is 
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removed  by  one  horse  each  trip,  allowing  from  eight  to  ten  minutes  for 
loading,  the  average  number  may  be  taken  at  six  carts  for  every  mile  of 
travel  from  the  quarry  or  dep6t  to  the  point  where  the  macadam  is  to  be 
deposited.  For  instance,  if  the  metal  is  to  be  applied  at  a  distance  of  I^ 
miles  from  where  the  breaking  operations  are  being  carried  on,  nine  carts 
will  be  necessary ;  should  the  distance  be  two  miles,  then  the  number  of  carts 
required  will  be  twelve,  provided,  as  already  mentioned,  that  the  weight  of 
macadam  carried  by  each  cart  is  as  stated. 

276.  The  Cost  of  Team  Haulage. — The  price  per  ton-mile  for  team 
haulage  will  vary  according  to  the  condition  of  the  roads  leading  to  and 
from  the  quarry,  and  whether  they  are  hilly  or  otherwise  of  difficult  access. 
The  cost  is  also  affected  by  the  relative  distances  to  which  the  material  is 
carted ;  that  is,  the  price  for  a  distance  of  say  1^  miles  and  upwards  is  less 
per  ton  than  when  the  distance  is  under  that  mileage.  This  is  brought 
about  by  the  fact  that  in  long  journeys  the  horse  is  earning  money  with 
little  lost  time  standing  at  the  stone-breaker  while  the  cart  is  being  loaded 
as  compared  with  a  short  distance  from  the  quarry,  as  the  time  thus  lost 
during  a  day's  work  will  be  greater,  because  in  the  latter  case  the  horse 
returns  more  frequently  to  the  quarry,  and  in  consequence,  by  repeatedly 
losing  time,  less  effective  work  is  performed. 

The  cost  of  this  work,  in  the  district  of  which  the  author  has  charge, 
and  embracing  the  experience  of  a  number  of  years,  shows  that  it  may  be 
taken  at  the  following  figures  per  mile,  viz. : — 

Table  XXX. 

Pence. 

On  good  aenrice  and  main  roads, 7i 

On  do.      do.     bat  slightly  undulating,          .        .        .        .        8} 
On  hilly  roads  with  a  good  surface, 9} 

The  first  of  these  prices  may  be  further  taken  as  representing  the  work 
done  by  a  single  horse  taking  a  gross  load  of  from  32  to  34  cwts.  The  figure 
8^d.  is  applicable  when  the  nature  of  the  road  necessitates  the  gross 
load  being  reduced  in  weight,  and  consequently  the  employment  of  more 
carts,  or  when  it  is  necessary  to  provide  occasional  assistance  in  ascending  a 
«teep  gradient  The  figure  9^d.  generally  provides  for  assistance  at  one  or 
more  points,  when  the  hilly  nature  of  the  roads  would  necessitate  the  average 
gross  load  per  journey  being  considerably  reduced  in  weight  if  such  assistance 
were  not  provided  at  the  points  referred  to.  These  prices  are  a  fair  average 
for  team  labour  in  country  districts  when  constantly  employed  over  consider- 
able periods  of  time.  In  the  case  of  such  operations  being  carried  on  in 
the  vicinity  of  large  towns  the  cost  of  haulage  will  be  higher  to  the 
extent  of  from  Id.  to  1^.  per  ton-mile  on  the  different  figures  given  in 
Table  XXX. 

277.  One  great  advantage  resulting  from  this  method  of  conveying  the 
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material  compared  with  that  of  steam  traction,  although  the  actual  cost  of 
haulage  by  team  work  taken  by  itself  is  somewhat  greater  uuder  certain 
circumstances,  is  the  convenient  manner  in  which  the  macadam  can  be 
deposited  on  the  road,  which  greatly  facilitates  the  spreading  of  it.  At  the 
same  time  a  more  direct  means  of  regulating  the  amount  of  haulage  necessary 
can  be  accomplished  as  the  work  of  renewal  gradually  approaches  nearer  to 
the  point  of  supply  by  simply  reducing  the  number  of  horses  and  carts. 

278.  Becording  Weight  of  Tnanadam  broken,  for  fixing  cost  of 
Haulage. — ^The  loaded  carts,  as  already  stated,  pass  over  a  steelyard,  and  a 
record  of  the  weight  is  kept  in  a  book  for  the  purpose.  The  form  and 
manner  in  which  the  weights  are  arranged  are  shown  below,  and  a  day's 
work  is  given  as  an  example. 


Tablb  XXXI. 

Qttah-y,  

19... 

Total 

Actual 

Weight  of 
Empty  Carts. 

Contractor's 

Namber  of  Cart  Loads  and 

Total 
Weight. 

Weight 
Empty 

Weight 

Name  or  No. 
of  Cart. 

Gross  Weight  of  each 
in  Cwts. 

of 
Road 

...  or  No.  1 

34 

Carts: 

MeUl. 

IIT 

334 

35i 

364 

36 

353 

211 

57 

154 

M        2 

33 

32, 

33i 

34 

344 

35 

202 

67 

145J 

10      „ 

„      3 

314 

81 

31 

304 

31i 

314 

186 

60 

126|f 

9i     „ 

n         4 

38     36 

33n 

33 

34 

33i 

201 

57 

144J 
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It  will  be  observed  that  the  first  four  carts  performed  six  trips,  while 
the  others  accomplished  only  five,  and  the  latter  took  the  first  turns  the 
following  morning  and  so  on,  equalizing  as  much  as  possible  the  amount  of 
work  performed  by  each  horse. 

It  will  also  be  noticed  that  each  horse  hauled  on  an  average  23^  cwts.  of 
road  metal,  or  a  gross  weight  of  fully  34^  cwts.  each  trip,  from  the  stone- 
breaker  to  the  road  under  repair.  The  empty  carts  are  repeatedly  passed 
over  the  steelyard  to  verify  their  weight,  this  being  done  each  day  during 
inclement  weather. 

279.  Steam  Haulage. — Steam  haulage  by  engines  and  wagons  presents 
one  important  advantage,  under  certain  circumstances,  as  a  means  of  con- 
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veying  the  road  metal  direct  from  the  stone-breaker  to  the  point  where  it  is 
to  be  applied ;  that  superiority  being  economy.  It  is  imperative,  however, 
that  a  suitable  access  be  made  to  the  quarries  for  this  method  of  transporting 
the  macadam,  that  the  service  roads  be  of  sufficient  width  and  strength  to 
carry  such  heavy  weights,  and  that  the  work  should  be  effected  during  dry 
weather,  otherwise  considerable  damage  to  the  roads  may  be  the  result.  In 
dry  weather  the  crushing  and  breaking  caused  by  the  cross-bars  on  the 
driving  wheels  of  traction-engines  also  at  times  injure  the  surface  of 
the  roads,  and  this  injury  the  author  believes  would  be  avoided  by  using 
Boulton's  patent  wheels.  The  damage  done  generally  to  the  roads  by  this 
system  of  hauling  the  material  detracts  from  its  usefulness  as  a  means  of 
economically  transporting  macadam  for  road  purposes. 

The  area  of  the  quarry  floor  must  be  sufficiently  large  to  admit  of  the 
engine  working  freely,  in  removing  and  placing  the  wagons  speedily  in  posi- 
tion so  as  to  permit  of  as  much  time  as  possible  being  devoted  to  actual 
travelling. 

For  a  distance  from  the  quarry  up  to  one  mile  where  the  metalling  is  to 
be  deposited,  one  engine  and  three  wagons  are  necessary  to  carry  on  the  work 
uninterruptedly,  one  of  these  wagons  being  held  in  reserve  in  case  of  an 
emergency. 

This  may  be  considered  the  greatest  distance  which  one  engine  can  travel 
and  return  to  the  quarry  in  one  hour,  having  regard  to  the  time  occupied  in 
removing  the  loaded  wagon  and  placing  the  empty  one  at  the  delivery  shoot 
of  the  breaker,  and  the  time  consumed  while  discharging  the  metalling  on 
the  road  under  repair. 

Traction  wagons  having  n  capacity  of  fully  6  cubic  yards  or  7  tons  would 
therefore  be  necessary  with  the  class  of  stone-breaker  described,  as  this  is  the 
quantity  of  2^-inch  road  metal  which  it  can  break  in  an  hour. 

280.  Cost  of  Steam  Haulage. — ^The  cost  of  steam  haulage  by  wagons  to 
a  distance  of  one  mile  from  the  quarry  is  made  up  of  the  following  items,  all 
the  plant  being  hired  : — 

Table  XXX  [I. 

Cost  of  one  day^s  work. 

Hire  of  engine,  two  men,  and  three  wagons,  ..... 
Coals  (steam  navigation),  7  cwts.,  12s.  per  ton,  .... 

Supply  of  water  for  engine,  allow  proportion  as  only  being  required  in 

certain  circumstances,  one-fourth  of  a  day's  hire  of  above, 
Man  in  attendance  while  travelling,  1  man,  Ss.  4d., . 
Allow  for  trimming  the  metal  in  the  wagon  during  time  it  is  being  loaded, 

1  boy,  2s.  4d.,         .  .  .  .  .  .  .  .024 

Total  cost,  .      £1  16     4 


€1 

3 

6 
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4 

2 

0 
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The  cost  of  haulage  up  to  one  mile,  taking  62  tons  as  the  daily  output, 
would  therefore  be  6*64d.  per  t3n. 

When  the  distance  slightly  exceeds  one  mile  it  becomes  necessary,  so  as 
to  avoid  storing  the  macadam,  to  employ  an  additional  engine  and  set  of 
wagons  to  carry  on  the  work  efficiently.  This  at  once  augments  the  cost  of 
haulage  by  nearly  7d.,  or  an  inclusive  price  of  13*28d.  per  ton,  immedi- 
ately after  passing  the  one  mile  limit,  to  be  again  reduced  to  6'64d.  per  ton- 
mile  when  the  distance  of  two  miles  from  the  quarry  is  reached. 

It  will  thus  be  evident  that  when  the  point  to  which  the  macadam  is 
conveyed  is  either  one  mile  or  two  miles  from  the  quarry,  the  cost  of  hauling 
is  at  the  rate  of  nearly  6|d.  per  ton-mile,  while  each  ton  tipped  on  the 
road  between  the  first  and  second  mile  will  cost  13^d.,  and  between  the 
second  and  the  third  mile  it  will  be  Is.  8d.  per  ton. 

In  other  words,  the  cost  of  transport  at  the  succeeding  distances  of  ^ 
mile,  between  the  first  and  the  second  mile,  varies  considerably,  as  appears 
from  the  following  figures : — 

Pence. 

At  one-quarter  of  a  mile  beyond  the  first  mile  from  quarry,    .  - 10*62 

,,  one-half  „  „  ,,  8*85 

„  three-quarters  ,,  ,,  ,,  .7*58 

Again,  at  the  two  mile  limit  the  cost  decreases  to  6'64d.  per  ton-mile, 
being  the  same  as  at  the  first  mile  limit.  The  variation  in  the  price  will  be 
better  understood  when  it  is  considered  that  up  to  one  mile,  which  is  in 
most  cases  practically  the  nearest  distance  from  the  quarry  where  the  road 
metal  can  be  applied,  the  single  engine  and  set  of  wagons  are  fully  occupied, 
while  immediately  after  passing  this  point  the  two  engines  necessary  are 
comparatively  idle  for  a  considerable  part  of  the  time.  As  the  two  mile 
limit  is  approached,  however,  the  cost  per  ton  becomes  less,  as  there  the 
plant  is  being  more  fully  employed  again. 

The  cost  of  hauling  direct  from  the  breaking  machine  by  an  engine  and 
wagons  belonging  to  a  County  Council  or  Local  Authority  can  be  performed 
for  about  l^d.  less  per  ton  at  the  one  mile  limit,  but  to  purchase  extra 
engines  and  wagons  for  this  purpose  would  not  be  economical,  as,  under 
ordinary  circumstances,  the  time  during  which  they  would  be  occupied  might 
only  extend  to  seven  or  eight  months  each  season.  During  the  reujiaining 
months  of  the  year  there  would  be  practically  no  work  for  this  large  plant, 
consequently  no  profitable  results  would  accrue  from  the  capital  expenditure 
involved.  Haulage  by  traction-engines  and  wagons,  therefore,  can  only  be 
carried  out  properly  and  economically  by  those  possessing  the  requisite  plant. 

The  arrangements  for  traction  haulage  might  be  carried  out  in  conjunction 
with  team  work,  in  so  far  that  immediately  after  passing  the  first,  second, 
and  third  mile  limit,  the  steam  traction  haulage  could  be  supplemented  by 
that  of  team  labour.     This  method  of  compromising  the  difficulty,  however. 
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would  complicate  matters  very  mucli,  and  at  its  best  a  considerable  amount  of 
time  would  be  lost  in  loading  the  macadam  and  depositing  it  on  the  road. 

It  will  be  evident  that  the  haulage  of  road  metal  for  distances  up  to  at 
least  four  miles  by  the  aid  of  traction-engines  and  wagons  is  more  economical 
at  the  different  mile  limits  mentioned  when  the  quantity  of  macadam  broken 
by  machinery  has  to  be  removed  as  it  is  manufactured,  in  order  to  save  the 
expense  of  storing.  When  the  work  of  applying  the  road  metal  and  con- 
solidating it  are  carried  out  at  or  near  the  limiting  points  described,  the 
greater  will  be  the  economy  in  this  particular  item  of  expenditure. 

281.  When  the  work  of  hauling  the  material  by  steam  power  is  per- 
formed by  contract  the  price  is  generally  Is.  per  ton  for  the  first  mile,  and 
6d.  per  ton-mile  for  each  additional  mile  for  ordinary  distances.  For  long 
distances  the  work  can  be  accomplished  for  4|d.  per  ton-mile. 

282.  The  macadam  from  the  breaking  machine  is  sometimes  unavoidably 
stored  in  the  quarry,  by  reason  of  the  supply  of  carts  being  deficient,  or  by 
delays  caused  when  steam  traction  is  adopted  for  removing  the  material 
direct  to  the  roads. 

Storing  the  macadam  when  no  real  necessity  exists  for  such  a  procedure, 
or  owing  to  any  of  the  foregoing  causes,  ought  to  be  guarded  against,  as  the 
additional  cost  entailed  becomes  a  serious  matter  when  large  quantities  have 
to  be  so  treated.  The  interruptions  necessitating  storing  may  be  only 
temporary,  but  in  any  case  the  wheeling  or  carting  of  the  metalling  to 
some  convenient  point  where  it  can  be  easily  filled  into  carts  or  wagons  at 
some  future  time  cannot  be  accomplished  for  less  than  l^d.  per  ton.  The 
loading  of  this  stored  material  into  carts  or  wagons  under  favourable  circum- 
stances will  cost  at  least  an  additional  l^d.  per  ton.  When  the  position 
and  level  of  the  heap  of  macadam  in  relation  to  the  position  of  the  carts 
or  wagons  are  such  that  wheelbarrows  have  to  be  employed  to  accomplish 
the  work,  the  cost  of  refilling  may  amount  to  from  2^d.  to  3j^d.  per  ton. 
Thus  the  inclusive  cost  of  storing  and  refilling  will  vary  from  3d.  to  5d.  per 
ton,  an  expenditure  sufficiently  great  to  make  the  conditions  imperative  that 
storing  the  road  metal  should  not  be  permissible,  unless  it  is  done  as  a 
matter  of  necessity  or  convenience. 

If  this  extra  expenditure  be  included  in  the  cost  for  hauling  the  metal- 
ling, the  figures  will  be  increased  accordingly  by  the  actual  amount  incurred 
for  this  work,  and  this  expenditure  is  often  found  to  have  been  quite 
unnecessary. 

288.  From  these  observations  it  will  be  obvious  that  a  considerable 
expenditure  is  incurred  by  adopting  the  system  of  employing  one  engine  to 
perform  the  combined  operations  of  breaking  and  hauling  the  macadam ;  the 
material  being  stored  during  the  process  of  breaking,  and  when  this  opera- 
tion is  finished,  utilizing  the  same  engine  for  hauling  purposes.  When 
such  an  arrangement  is  permitted,  the  cost  of  storing  and  subsequently 
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refilliug  the  macadam  will  amount  to  neatly  double  the  sum  necessary  to 
provide  two  engines  for  these  operations  separately  and  continuously,  until 
the  necessary  quantity  of  macadam  to  be  transported  has  been  accumulated. 

284.  From  the  foregoing  it  is  also  evident  that  it  is  infinitely  greater 
economy  to  hire  engines  and  wagons,  and  to  remove  the  macadam  as  it  is 
discharged  from  the  breaking  machine  direct  to  the  roads.  Should  a  plant 
of  this  description  not  be  available,  the  haulage  should  be  performed  by 
team  work;  this  also  applies  to  the  case  where  such  a  plant  can  be 
obtained,  but  where  the  conditions  are  such  that  economy  is  not  promoted 
by  utilizing  steam  traction  as  a  means  for  hauling  road  material. 

In  counties  having  an  available  supply  of  suitable  material  for  macadam- 
izing purposes  within  reasonable  distance  of  any  of  the  roads  in  the  district, 
the  methods  of  handling  the  macadam  just  described  should  be  adopted.  In 
the  case,  however,  of  a  locality  not  possessing  the  necessary  material  in  the 
immediate  vicinity,  it  may  have  to  be  conveyed  from  a  distance  varying 
from  5  or  6  miles  up  to  20  and  even  50  miles.  In  the  latter  instances  the 
road  metal  is  most  cooveniently  and  economically  conveyed  by  rail.  In  the 
former  case,  to  keep  a  road-roller  working  continuously  at  such  a  distance 
from  the  source  of  supply  would  be  a  serious  matter.  In  the  first  place  the 
material  has  to  be  removed  from  the  stone-breaker  to  avoid  storing,  and  in 
the  second  place  the  roller  must  be  fully  employed  in  consolidating  the  mac- 
adam, while  the  two  operations  involve  the  employment  of  such  a  number 
of  engines  and  wagons  as  may  not  be  available  in  the  district. 

For  similar  reasons  the  employment  of  team  work,  considering  the  large 
number  of  carts  which  it  would  be  necessary  to  employ  in  order  to  prevent 
stoppages  or  otherwise  hamper  the  operations  at  either  point,  would  be  diffi- 
cult to  obtain  in  most  districts  at  a  reasonable  cost.  It  would  then  be  neces- 
sary to  adopt  a  system  of  storing  the  material  and  removing  it  by  degrees 
when  a  suitable  opportunity  presents  itself.  Although  it  is  not  an  economi- 
cal proceeding,  as  has  been  shown,  still,  under  the  circumstances,  it  is  the 
only  practical  method  possible  of  accomplishing  the  end  in  view,  having 
regard  to  what,  under  these  conditions,  may  be  the  more  economical  method 
of  the  two  to  adopt  in  conveying  the  macadam. 

285.  Wagons  with  Folding  Doors  and  Hoppers. — In  steam  haulage  the 
wagons  are  made  with  folding  sides  to  admit  of  the  metalling  being  deposited 
into  dep6ts,  but  when  (as  is  usually  the  case)  the  macadam  is  to  be  spread 
direct  on  the  road,  the  wagons  are  provided  with  hoppers  which  admit  of  road 
metal  being  deposited  in  a  fairly  regular  manner  on  the  centre  or  sides  of 
the  road. 

This  assists  to  a  limited  extent  the  spreading  of  the  metal,  but  in  every 
instance  it  is  necessary,  in  order  to  properly  mix  the  stones,  that  the 
macadam  should  be  turned  over  by  means  of  shovels  before  the  rolling 
operations  are  commenced. 
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286.  Systeiii  adopted  in  the  United  States.— In  the  United  States 
of  America  the  work  of  transporting  and  spreading  road  metal  is  per- 
formed by  horse  wagons  provided  with  a  screw  arrangement  on  the  front 
of  the  vehicle,  which  on  being  raised  causes  the  material  to  fall  towards  the 
back  of  the  wagon,  where  it  is  discharged  and  distribnted  in  sach  quantities 
as  may  be  required.  At  the  bottom  of  this  distributor  an  adjustable  iron 
plate,  secured  horizontally,  regulates  the  thickness  of  the  coating  by  being 
fixed  at  the  hei^t  required  above  the  upper  surface  of  the  material  forming 
the  bottom  of  a  new  road  or  the  surface  of  an  existing  one. 

This  arrangement,  the  important  feature  of  which  is  economy  in  handling 
the  metalling,  will  be  extremely  serviceable  provided  the  macadam  composing 
the  coating  is  of  an  equal  and  uniform  size,  but  otherwise,  and  so  long 
as  stones  composing  the  metalling  vary  in  volume,  even  to  a  small  extent, 
the  work  of  spreading  it  can  only  be  satisfactorily  performed  by  hand 
labour. 


CHAPTER    VIL 

ROAD-ROLUNG   AND  SCARIFYING. 

Eoad-rolling. 

287. — The  first  important  step  taken  in  this  country  in  the  direction  of 
advocating  road-rolling  by  horse  power  as  a  measure  of  economy  was  set 
forth  in  a  paper  written  by  Sir  John  F.  Burgoyne,  R.E.,  when  acting  as 
Chairman  to  the  Board  of  Works  in  Ireland,  and  published  in  1843.  This 
means  of  consolidating  the  metalling  of  newly- made  roads  was  employed 
in  that  country  under  his  directions,  and  may  be  considered  the  first  attempt 
in  a  practical  way  of  forming  an  improved  road  surface — not  as  a  matter  of 
refinement,  but  as  a  necessity.  A  full  description  of  the  methods  followed  and 
cost  of  this  scientific  road-rolling,  which  is  the  more  valuable  now,  will  be 
found  in  the  treatise  on  Roads  and  Streets^  by  Law  and  Clark.* 

288.  Although  it  is  recorded  that  the  first  illusion  made  to  road- 
roUing  in  England  was  by  one  named  Shotbolte  in  1619,  still  the  first 
practical  horse-roller  was  made  in  France  in  1787  by  M.  de  Cessart,  then 
Inspecteur-General  des  Fonts  et  Ghaussees, 

It  consisted  of  a  cast-iron  roller,  8  feet  wide,  3  feet  in  diameter,  and 
weighing  7000  lbs.  (old  French  weight). 

After  repeated  trials,  the  experiments  appear  to  have  been  discontinued, 
probably  owing  to  the  disturbed  political  state  in  which  France  was  at  that 
time. 

In  the  year  1817,  Philip  Hutchison  Clay  patented  in  this  country  a 
horse-roller,  with  a  carriage  over  it,  which  could  be  loaded  with  weights 
varying  from  six  to  twenty  tons. 

Since  that  time  horse  road-rolling  has  been  practised  in  this  country, 
as  well  as  on  the  Continent  of  Europe,  to  within  comparatively  recent 
years. 

289.  An  interesting  history  of  this  subject,  including  steam  road-roUing, 
is  given  by  Mr.  F.  A.  Paget,  C.E.,  in  a  report  to  the  Metropolitan  Board  of 

*  Weale's  Series,  197,  Appendices,  pp.  818, 819. 
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Works,  1870,*  to  which  the  author  refers  his  readers  for  a  full  description 
of  the  early  attempts  m  the  direction  of  improviDg  the  highways. 

290.  The  difficulties  inseparable  from  a  system  of  rolling  roads  by  this 
means,  especially  when  a  great  many  horses  were  employed,  were  such,  con- 
sidering that  the  weight  of  the  rollers  made  it  difficult  to  manipulate  them, 
and  that  the  stones  forming  the  metal  coating  were  displaced  by  the  action 
of  the  horses'  feet,  that  their  introduction  and  employment  was  only  practised 
to  a  limited  extent,  owing  particularly  to  the  great  expense  incurred  in 
working  them. 

The  application  of  rollers  to  consolidate  a  coat  of  metalling,  like  most 
inventions  and  inuovations,  has  been  brought  about  by  gradual  evolution. 
The  results  achieved  in  France  by  the  use  of  horse-rollers  proving  in  a 
measure  successful,  the  further  improvement  of  the  means  by  which  the 
freshly-laid  road  metal  could  be  effectively  consolidated,  led  those  interested 
in  the  repairs  of  the  public  highways  in  that  country  to  substitute  steam  for 
horsepower. 

291.  The  first  patent  for  a  steam-roller  was  taken  out  in  France  in  the 
beginning  of  1859,  by  M.  Louis  Lemoine  of  Bordeaux.  This  steam  road- 
roller  weighed  ten  tons,  and  was  steered  by  means  of  gearing  and  a  pair  of 
guide-wheels.  Besides  being  used  on  the  roads  at  Bordeaux,  it  was  tried  in 
1860  on  the  roads  in  the  Bois  de  Boulogne,  Paris,  and  it  was  improved  in 
different  ways  subsequent  to  1859.  In  August  1860,  another  steam  road- 
roller  was  patented  in  France  by  Ballaison,  and  used  on  the  roads  there  by 
Messrs.  Gellerat  &  Co.  of  Paris.  In  1862,  experimental  trials  were  carried 
out  with  both  these  steam  rollers  by  the  French  engineers  of  state,  who, 
besides  expressing  a  strong  opinion  in  favour  of  steam-rolling  in  general, 
gave  preference  to  the  latter  machine. 

In  1865  Messrs.  Qellerat  &  Co.  of  Paris  designed  a  steam  road-roller; 
but  it  is  stated  that,  owing  to  the  small  diameter  and  wide  roller  wheels,  the 
contour  of  the  road  was  destroyed  and  the  metalling  left  in  ridges,  not 
smooth  as  it  should  have  been ;  while  the  cost  of  working  was  excessive,  the 
coal  consumption  alone  being  nearly  4  cwts.  per  hour. 

292.  In  1863,  Mr.  W.  Clark,  municipal  engineer,  Calcutta,  and 
Mr.  W.  F.  Batho,  Birmingham,  designed  and  patented  a  steam  roller;  this 
was  the  first  attempt  made  to  construct  a  steam  road-roller  in  this  country. 
It  was  made  in  the  latter  city,  and  sent  to  Calcutta  in  1864. 

The  principal  feature  of  this  machine  was  the  use  of  three  sets  of  rollers, 
two  in  front  acting  as  drivers,  while  the  third  or  hind  wheel  was  set  in  a 
turn-table  arrj)»ngement,  being  adjusted  so  as  to  steer  the  engine  and  at  the 
same  time  to  overlap  the  space  between  the  outside  driving-wheels. 

*  Report  0)1  the  Economy  of  Road  Maintenance  and  Horse  Draft  through  Steam 
Road-rolling f  with  Special  Reference  to  the  Metropolis,  by  Frederick  A.  Paget,  C.E., 
1870. 
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Two  similar  road-rollers,  but  made  by  Messrs.  Moreland  &  Sons,  London, 
were  sent  out  to  Bombay  in  the  following  year. 

Many  other  attempts  were  made  about  this  time  to  obtain  a  reliable  and 
economical  working  road-roller,  and  even  traction-engines  were  requisitioned 
and  attached  to  cast-iron  rollers  for  this  purpose. 

298.  First  sucoessfiil  Steam  Eoad-roller  made  in  En^and.— the  first 
successful  steam  roller  made  and  set  to  work  in  Qreat  Britain  was  that  con- 
structed by  Messrs.  Aveling  &  Porter  of  Rochester,  after  trials  in  Hyde 
Park,  London,  in  1865,  with  an  ordinary  traction-engine  having  broad  rollers 
substituted  for  the  ordinary  road  wheels. 

The  steam  road-roller,  shown  in  fig.  108,  was  constructed  for  the  Cor- 
poration of  Liverpool  in  1867  ;  it  weighed  30  tons,  and  its  cost  was  stated 
to  be  £1000. 

Steam  road-rolling  had  by  this  time  achieved  some  success,  and  the 
pamphlet  on  the  subject  by  Mr.  Paget,  already  referred  to,  greatly  popularized 
this  method  of  repairing  roads,  many  of  the  London  vestries  making  trials 
with  very  encouraging  results. 

294.  First  Steam  Eoad-roller  introduced  into  Scotland.— The  first 
road-roller  introduced  into  Scotland  was  that  purchased  from  Messrs.  Aveling 
&  Porter  by  the  Edinburgh  City  Road  Trust,  in  1870.  The  amount  and 
cost  of  the  work  accomplished  by  this  road-roller  was  the  subject  of  a  paper 
read  at  a  meeting  of  the  Engiueering  Section  of  the  Royal  Scottish  Society 
of  Arts,  Edinburgh,  by  Mr.  D.  C.  Proudfoot,  city  road  surveyor,  in  1882. 

From  these  early  and  successful  attempts  to  construct  road-rollers  this 
firm  of  Rochester  engineers  commenced  to  make  and  perfect  the  construction 
of  them  on  an  extensive  scale,  the  leading  feature  being  an  adaptation  of 
their  form  of  traction-engine  with  an  arrangement  of  rollers  and  turn-table,  as 
shown  at  fig.  109. 

The  form  and  construction  of  the  road-rollers  made  by  Aveling  &  Porter 
have  been  gradually  perfected  from  time  to  time  by  introducing  important 
improvements  and  utilizing  the  knowledge  gained  from  experience,  producing 
an  engine  which  can  be  easily  managed,  and  which  is  economical  in  working. 

295.  The  latest  design  of  this  firm's  I5-tou  convertible  road-roller  is 
shown  in  fig.  110,  with  one  of  Morrison's  Scarifiers  attached. 

Since  1867  this  Rochester  firm  has  made  and  sold  over  3000  steam  road- 
rollers,  varying  in  weight  from  10  tons  up  to  25  tons.  Most  of  these  are 
working  in  this  country ;  but  a  great  number  are  in  use  in  the  Colonies,  on 
the  Continent  of  Europe  and  in  America,  while  in  India  alone  there  are 
hundreds. 

The  other  principal  firms  manufacturing  road-rollers  in  this  country  are 
Messrs.  Fowler  &  Co.,  Messrs.  Green  &  Son,  and  Burrell ;  while  in  the  United 
States  the  most  noted  are  the  Springfield,  the  Pitts,  the  Harrisburg  and  the 
Columbian  rollers. 
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296.  Advantages  of  Steam  Boad-rolling. — The  advantages  of  road- 
rolling  may  be  sammed  up  as  follows : — 

(1.)  The  roads  being  made  for  the  traffic,  a  saving  of  metalling  is  effected, 
as  the  stones  are  interlocked  by  the  process  of  consolidation  and  present  only 
one  surface  subject  to  wear,  compared  with  the  abrasion  inseparable  from  the 
system  of  patching  and  consolidating  by  wheel  traffic. 

(2.)  A  harder  and  more  regular  surface  is  obtained,  the  road  generally 
has  a  better  appearance,  ease  of  traction  is  promoted,  injury  and  suffering  to 
animals  are  avoided,  and  the  damage  to  the  wheels  of  vehicles  is  reduced, 
owing  to  the  absence  of  newly-laid  or  loose  metalling  lying  on  the  surface 
of  the  roads. 

(3.)  The  crust  of  the  road  contains  only  a  small  amount  of  binding  or 
soluble  matter,  wherefore  there  is  a  material  reduction  of  the  quantity  of 
mud  in  wet,  and  dust  in  dry  weather ;  and  the  surface  of  the  roads  do  not 
require  the  constant  attention  which  is  necessary  with  metalling  during  the 
long  process  of  consolidation  by  vehicular  traffic. 

(4.)  Scraping  and  cleaning  are  reduced  to  a  minimum  by  reason  of  the 
road  being  practically  impervious  to'  the  effects  of  weather  and  traffic;  the 
surface  wears  longer,  and  the  absence  of  loose  stones  in  dry  weather  secures 
greater  efficiency  and  diminished  cost  of  maintenance. 

Steam  road-rollers  are  now  almost  universally  adopted  on  account  of  the 
superiority  and  economy  of  the  work  done,  the  shorter  time  necessary  for 
repairs  or  construction,  and  also  the  indirect  saving  effected  owing  to  the 
reduced  wear  and  tear  of  horses  and  vehicles. 

297.  Different  Types  of  Boilers  made;  Weight  and  Construction. — 
Steam  road-rollers  are  made  of  different  weights,  chiefly  10,  12,  and  15  tons, 
for  use  in  this  country,  while  a  few  rollers  of  20  and  25  tons  have  been  con- 
structed. The  former  weight  of  roller  is  used  in  Paris,  while  the  latter  is 
that  adopted  in  Madrid. 

The  12-ton  engine  rolls  a  width  of  6  feet  5  inches,  and  the  15-ton  roller 
7  feet  3  inches  wide,  and  these  are  the  class  generally  used  in  Great  Britain 
for  county  work,  while  10-ton  rollers  for  the  most  part  are  employed  in  the 
larger  towns,  owing  to  the  difficulty  experienced  in  connection  with  gas, 
water,  and  other  service  pipes  in  the  use  of  a  heavier  class  of  roller. 

A  short  description  of  Aveling  &  Porter's  15-ton  roller  may  be  here  given. 

The  boiler  is  of  the  ordinary  locomotive  type,  the  cylinder  being  placed 
on  the  top  and  at  the  forward  end  of  the  boiler,  and  surmounted  with  a 
steam  jacket.  The  steam  is  taken  direct  from  the  boiler,  and  admitted  to 
the  cylinder  without  the  intervention  of  steam  pipes,  thus  avoiding  loss  in 
the  effective  pressure  of  the  steam  through  being  condensed. 

They  are  made  either  with  a  single  cylinder  or  on  the  compound  prin- 
ciple, and,  when  necessary,  can  be  constructed  so  as  to  convert  the  roller  into 
a  road  engine  for  hauling  purposes,  by  substituting  traction  wheels  for  the 
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front  and  rear  rolls.  The  rear  driviug-wheels  are  6  feet  in  diameter  and 
20  inches  wide,  those  in  front  4  feet  in  diameter,  set  close  together,  and 
having  a  combined  width  of  4  feet  6  inches.  The  front  rolls  are  surmounted 
by  a  swivelling  fork  having  a  vertical  spindle  working  in  the  fore-carriage 
bracket,  which  supports  the  front  end  of  boiler.  Provision  is  made  for  the 
spindle  having  sufficient  play  to  admit  of  the  front  rolls  accommodating 
themselves  to  the  contour  of  the  road.  By  means  of  this  arrangement  on 
the  fore-carriage  in  conjunction  with  the  worm-wheel  and  side  chains,  the 
steering  of  the  engine  is  provided  for,  and  operated  from  the  footplate,  the 
working  of  the  engine  being  under  the  control  of  one  man.  The  distance 
between  the  centre  of  the  driving-wheels  and  the  front  rolls  in  the  15-ton 
convertible  engine  is  12  feet  6  inches,  and  the  weight  of  the  ordinary  roller 
in  working  order,  with  scarifier  attached,  is  16^  tons,  distributed  as  follows, 
namely — two-fifths  total  weight  on  front  rolls,  and  three-fifths  of  total  weight 
on  the  driving  or  hind  wheels,  or  fully  5  tons  on  each  wheel.  This  gives 
the  driving-wheels,  when  the  roller  is  working  on  a  level  stretch  of  road, 
a  compressive  force  of  4'88  cwts.  per  inch  of  width,  being  twice  that 
exerted  by  the  front  rolls.  When  rolling  on  a  gradient  these  latter  figures 
will  be  slightly  increased,  owing  to  the  effects  of  gravity  and  the  weight  of 
the  water  in  the  boiler  being  then  greater  at  the  rear  end  of  the  engine.  The 
brackets  for  carrying  the  gearing  are  formed  by  the  side  plates  of  the  fire-box 
being  extended  upwards  and  backwards  in  one  piece,  thus  obviating  the 
usual  unsatisfactory  method,  common  to  many  road-engines  and  rollers,  of 
bolting  them  on  to  the  boiler,  which  causes  a  considerable  strain  and  injury, 
and  consequently  increases  the  cost  of  working  and  repairing.  The  wear  and 
tear  of  the  spur-wheels  and  pinions  are  reduced  to  a  minimum  by  these 
being  brought  close  together,  and  the  combination  produces  the  maximum  of 
strength  in  the  working  parts.  They  are  fitted  with  compensatory  motion 
or  differential  gear,  which  enables  them  to  be  steered  round  sharp  turns 
easily  without  slipping.  Two  speeds  are  provided,  which  can  be  thrown  into 
and  out  of  gear  by  a  single  operation  by  the  driver  from  the  foot-plate. 

As  previously  mentioned,  the  steam  road-roller  is  a  special  adaptation  of 
the  ordinary  road  locomotive  either  with  single  or  with  compound  cylinders. 
Those  constructed  on  the  latter  principle,  although  the  first  cost  is  consider- 
ably greater  and  repairs  more  numerous,  are  notable  for  their  silent  working, 
the  steam  first  doing  duty  in  the  high,  and  afterwards  in  the  low  pressure 
cylinder.  Thus  the  steam,  in  passing  from  the  engine,  is  discharged  into 
the  atmosphere  at  a  relatively  low  pressure,  reducing  to  a  minimum  the 
noise  from  the  exhaust  when  at  work,  an  important  matter  when  rolling  in 
towns  or  on  busy  suburban  roads. 

An  engine  constructed  on  this  principle  can  be  started  readily  in  any 
position  of  the  crank,  and  there  is  an  entire  absence  of  sudden  jerks  and 
shocks  inseparable  from  an  engine  with  a  single  cylinder  only. 
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It  is  also  claimed  that  a  cousiderable  saving  in  the  consumption  of  coal 
and  water  required  is  effected  by  a  road-roller  having  a  compound  cylinder 
over  that  of  one  with  a  single  cylinder  only,  which  may  result  in  greater 
economy  of  the  working  expenses,  especially  when  the  fuel  has  to  be  brought 
from  a  considerable  distance,  and  in  districts  where  water  is  scarce.  Another 
matter  of  considerable  importance  is  the  reduced  temperature  of  the  fire-box, 
owing  to  the  steam  being  expanded  down  before  passing  through  the 
exhaust  into  the  chimney.  The  fierce  draught  caused  in  high  pressure  or 
single  cylinder  engines  creates  considerable  wear  and  tear  to  the  fire-box  and 
tubes,  which  does  not  occur  to  any  great  extent  in  engines  constructed  on 
the  compound  principle. 

In  selecting  a  steam  road-roller  for  the  consolidation  of  the  metalling  in 
making  new  or  repairing  existing  roads,  it  is  necessary  to  consider,  in  the 
first  instance,  the  nature  or  quality  of  the  material  which  is  to  be  employed  for 
the  purpose  of  construction  and  repairs.  The  weight  of  the  roller  most 
suitable  in  any  circumstances  will,  therefore,  have  to  be  in  a  great  measure 
determined  by  the  quality  of  the  macadam  made  use  of  in  the  particular 
locality  concerned. 

The  great  object  to  be  attained  is  a  resulting  coat  of  metalling  com- 
pressed to  such  a  degree,  without  crushing  the  material,  that  the  interstices 
are  just  apparent  and  contain  the  least  possible  amount  of  binding  con- 
sistent with  the  proper  cohesion  of  the  stones  forming  the  coating. 

To  accomplish  this  effectually  with  hard  and  tough  road  metal  the 
greatest  weight  of  road-roller  permissible  should  be  employed  which  will 
consolidate  the  coating  without  crushing  the  stones  composing  it. 

298.  Experience  shows  that  for  consolidating  such  material  as  granite, 
syenite,  basalt,  and  whinstone  of  good  quality,  the  greatest  amount  and  the 
best  work  are  obtained  by  the  employment  of  a  15-ton  roller,  which  exerts  a 
compressive  force  on  the  material  under  consolidation  of  from  4*88  to  5*42 
cwts.  per  inch  of  width  of  wheel.  For  convenience  and  comparison,  the 
weight  per  inch  of  the  bearing  surface  of  the  different  kinds  of  rollers 
generally  employed  is  given  in  Table  XXXIII. 

Table   XXXIII. 

Weight  per  inch  of 
Class  of  Road-roller  in  Steam.  width  in 

driving-wheels. 
15-ton  road-roller,  weighing  in  working  order  16 J  tons, 

driving-wheels  18  inches  wide, 5 '42  cwt.  per  inch 

15-ton  road-roller,  weighing  in  working  order  16i  tons, 

driving-wheels  20  inches  wide, 4*88      „        „ 

12-ton  road-roller,  weighing  in  working  order  13  tons, 

driving-wheels  17  inches  wide, 459      ,»        ,, 

10-ton  steam-roller,  weighing  lOj  tons  in  working  order, 

driving-wheels  16  inches  wide, 8*94      ,,        ,, 


ROAD-ROLLING   AND   SCARIFYING.  223 

299.  Oq  referring  to  Table  VI.,  p.  38,  it  will  be  observed  that 
the  greatest  compressive  effect  is  produced  by  carts  having  wheels  with 
narrow  tires,  amounting  in  the  case  of  No.  14  to  8  cwts.  per  inch  of 
width. 

This  is,  however,  exceptional,  and  seldom  occurs  in  practice,  or  at  all 
events  should  not  be  tolerated.  In  all  the  other  cases,  under  normal  con- 
ditions of  use,  the  weight  per  inch  of  tire  is  about  equal  to  the  compressive 
power  exerted  by  the  driving-wheels  of  a  15-ton  roller. 

In  order  to  obtain  the  best  wearing  results  from  a  coat  of  metalling  it  is 
obviously  necessary  that  the  weight  of  the  machine  by  which  the  material 
is  consolidated  should  be  greater  than,  or  at  least  equal  to,  the  displacing 
force  or  weight  carried  by  vehicles  of  ordinary  construction,  provided  the 
material  is  capable  of  withstanding  the  pressure  without  failure  during  the 
process  of  rolling. 

300.  Selection  of  BoUer  according  to  nature  of  Material  used,  and 
other  Subsidiaiy  Causes. — With  macadam,  the  stones  of  which  are  of  a 
less  tough  variety  or  of  a  brittle  nature,  such  as  mountain  limestone,  some 
granites,  ihe  softer  descriptions  of  whinstone,  Kentish  rag,  ironstone  slag, 
and  flints,  the  employment  of  a  roller  15  tons  in  weight  would  result  in  the 
stones  composing  a  coating  of  such  material  being  considerably  crushed, 
and  probably  rendered  useless. 

It  is  obviously  necessary,  therefore,  to  make  use  of  a  lighter  roller  in 
such  circumstances,  the  quality  of  the  macadam  being  a  factor  in  the  matter 
of  selection. 

The  12-ton  roller  will  be  found  suitable  for  the  materials  mentioned  in 
the  preceding  paragraph,  while  in  some  cases  a  roller  weighing  10  tons  may 
be  advantageously  used,  and  in  particular  cases  this  is  the  minimum  weight 
which  can  be  employed  successfully.  The  width  which  the  former  covers 
when  rolling  is  6  feet  5  inches,  while  the  latter  rolls  a  width  of  6 J  feet.  It 
is  for  this  reason  that  in  many  of  the  English  counties  rollers  of  different 
weights  are  employed,  the  material  obtained  locally,  and  used  for  macadam, 
being  variable  in  quality,  while  the  best  class  macadam  for  main  roads  is  in 
many  instances  brought  from  adjoining  counties  where  available,  and  even 
from  centres  situated  at  a  considerable  distance.  The  Welsh  quarries  supply 
a  considerable  proportion  of  the  material  necessary  to  the  counties  lying  on 
the  west  coast,  and  many  of  those  inland  in  an  easterly  direction,  while 
many  of  the  midland  counties  are  supplied  from  Clee  Hill  and  the  Leicester- 
shire quarries.  The  15-ton  road-roller  already  described  is  used  in  Scot- 
land on  county  roads,  almost  without  exception ;  a  limited  number  of 
12-ton  rollers  are  employed  in  burghs  where  the  matter  of  choice  is  deter- 
mined not  so  much  by  the  quality  of  the  macadam  as  by  the  position  and 
number  of  the  gas  and  water  mains,  and  also  the  service  pipes,  which  are,  as 
a  rule,  near  the  surface  of  the  road. 
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The  quality  of  the  rock  from  which  macadam  is  produced  heing  for  the 
most  part  of  a  hard,  tough,  and  durable  nature,  the  weight  of  a  15-ton 
roller  occasions  little  or  no  damage  to  the  material  when  ordinary  pre- 
cautions are  exercised. 

The  amount  of  work  performed  in  a  given  time  by  the  different  classes 
of  road-rollers  mentioned  must  necessarily  vary,  and  be  less  in  proportion 
as  their  weight  and  width  of  rolling  surface  decrease. 

301.  Quantity  of  macadam  consolidated  by  Steam  BoUers. — The 
quantity  of  material  which  a  road-roller  is  capable  of  consolidating  in  one 
day  will  depend  on  the  quality  of  the  road  metal  and  thickness  of  the 
coating  applied,  the  amount  and  nature  of  the  binding  used,  the  available 
water-supply  and  the  time  lost  by  compulsory  stoppages  for  the  passing 
traffic. 

A  15-ton  roller,  working  nearly  continuously,  will  on  moderately  level 
roads  thoroughly  consolidate  a  coating  of  metal  3  to  4  inches  in  thickness 
laid  direct  on  the  surface  of  the  road  under  repair,  without  the  intervention 
of  scarifying,  and  using  just  sufficient  binding  to  fill  the  interstices  between 
the  stones,  from  60  to  64  tons,  or  about  55  cubic  yards  each  day  of  nine 
hours'  duration.  When  working  on  gradients,  however,  a  less  quantity  of 
material  can  be  rolled,  diminishing  in  amount  as  the  incline  becomes 
steeper,  owing  to  the  artificial  watering  necessary  for  consolidating  the 
coating  escaping  from  the  metal,  and  with  it  a  considerable  amount  of  the 
binding  material,  into  the  water  channels  and  ditches,  or  down  the  inclined 
part  of  the  road  past  where  the  operations  are  being  carried  on.  The  amount 
of  work  done  by  a  12-  or  10-ton  roller  under  similar  conditions  and  time, 
allowing  for  the  extra  number  of  passages  necessary  to  be  made  relatively  to 
ensure  thorough  consolidation,  may  be  taken  at  40  and  30  tons  respectively. 

These  quantities  are  applicable  to  cases  where  from  twelve  to  twenty 
minutes  are  lost  each  hour  by  compulsory  stoppages.  When  the  number 
and  gravity  of  such  interruptions  are  such  that  a  greater  amount  of  time  is 
consumed,  as  when  working  on  suburban  roads  or  when  rolling  in  towns 
of  which  the  streets  are  not  given  up  to  the  exclusive  use  of  the  engine,  the 
quantity  of  macadam  consolidated  each  day  will  be  reduced  considerably, 
and  in  extreme  cases  the  amount  may  not  reach  the  figures  stated  by  one 
half,  or  32,  20,  and  15  tons  respectively. 

802.  Cost  of  Steam  Boad-roUing.— The  cost  of  steam  rolling  depends 
on  the  system  adopted,  the  amount  of  work  accomplished  depending  on  the 
degree  of  consolidation  necessary,  and  the  principle  on  which  the  chargeable 
expenses  are  calculated. 

In  many  instances  the  cost  is  stated  by  some  authorities  on  the  subject 
at  so  much  per  square  yard,  varying  from  Jd.  to  Id.,  but  as  the  quantity  of 
road  metal  which  will  cover  a  square  yard  varies  according  to  the  thickness 
of  the  material  applied,  it  is  advisable,  in  order  to  obtain  reliable  figures. 
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to  calcalate  the  coet  of  rolling  at  a  price  per  ton  or  cubic  yard   con* 
eolidated. 

The  figures  in  Table  XXXIV.  may  be  taken  as  representing  the  different 
items  which  ought  to  be  included  in  the  expenses  of  steam-rolling  continuous 
coatings  of  from  3  to  4  inches  in  thickness,  allowance  being  made  when 
necessary  for  local  differences  in  the  cost  of  labour  and  fuel 


Table  XXXIV. 

Goti  of  steam  road-rolling. 

Designation.  Cost  per  day. 

Foreman,  1  man,  48.  2d., £0    4    2 

Enginoman,  1  man,  48., 0    4    0 

Sweepers,  4  men,  Ss., 0  12    0 

Man  and  horse  for  water-cart,  88., 0    8    0 

Goals  (steam  nayigation),  including  carting,  4^  owts.,  12s.  per  ton,  0    2    9 

Oil,  waste,  and  brooms,        . 0    10 

Total  working  expenses,  .      £1  11  11 

Add  for  repairs  and  depreciation  and  insurance  on  roller,  repairs 

on  sleeping- yan  and  water-cart, 0    3    6 

Total  cost,  .        .        .        .      £1  16    6 

Taking  the  quantity  of  metalling  which  can  be  consolidated  by  a  15-ton 
roller  in  one  day  at  60  tons,  the  cost  on  the  working  expenses  alone  will 
amount  to  6'd8d.  per  ton,  and  when  the  amount  for  repairs  and 
depreciation  is  included  the  cost  is  increased  by  0*7d.,  or  an  inclusiye 
price  of  7*08d.  per  ton;  this  is  equal  to  7"09d.  per  cubic  yard  in 
the  former  case  and  7'79d.  in  the  latter.  The  working  expenses  in 
connection  with  a  12  or  10-ton  roUer  are  almost  similar  to  the  expenditure 
incurred  in  operating  a  15-ton  roller,  but  assuming  this  to  be  288.  5d.  per 
day,  and  taking  the  quantity  of  macadam  which  these  rollers  can  con- 
solidate as  stated  at  page  224,  the  cost  per  ton  will  be  8^.  and  11^. 
respectiyely,  exclusive  of  spreading  the  macadam.  When  the  road  surface 
is  prepared  by  being  picked  or  scarified,  and  when  the  coatings  are  of  less 
thickness  than  stated,  the  cost  of  rolling  will  be  correspondingly  reduced. 
Should  the  available  source  of  the  water-supply  be  situated  at  a  considerable 
distance  from  where  the  work  is  being  carried  on,  it  may  be  necessary  to 
employ  an  additional  water-cart,  in  which  case  the  cost  of  rolling  will  be 
increased  by  TfiOd.  per  ton. 

The  price  per  ton,  including  spreading  the  macadam,  in  the  district 
supervised  by  the  author  has  been,  taking  the  average  of  a  number  of  years, 
8^d.  per  ton  for  the  working  expenses,  but  exclusive  of  depreciation  and 
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lepaiis.  If  tbe  latter  be  indaded,  then  the  total  coet  per  ton  amounts  to 
9-2d. 

When  the  work  of  rolling  is  performed  by  contract,  the  cost  is  generally 
from  lOd.  to  Is.  per  cubic  yard,  but  this  does  not  include'  spreading  the 
macadam.  The  calculations  in  the  foregoing  paragraphs  are  based  on  the 
assumption  that  a  suitable  and  sufficient  quantity  of  binding  material  can 
be  obtained  in  close  proximity  to  the  work  on  hand. 

As  the  quality  of  the  binding  used  is  of  vital  importance,  the  employ- 
ment of  inferior  material,  such  as  road  scrapings,  or  material  of  a  clayey 
nature,  should  be  avoided,  even  if  the  initial  cost  of  the  work  should  be 
greater  when  a  good  binding  material  is  used. 

808.  Binding  Materials. — Metalling  consolidated  with  clayey  or  other 
improper  matter  as  a  binding  material  may  present  a  good  appearance 
immediately  after  being  rolled  and  be  otherwise  an  apparently  good^  piece 
of  work,  still  in  damp  or  foggy  weather  a  considerable  amount  of  '  licking 
up '  by  the  wheels  of  vehicles  will  take  place,  which  reduces  the  strength  of 
the  coating,  and  causes  the  surface  to  wear  unequally. 

By  the  application  of  an  immoderate  quantity  of  binding  of  any  descrip- 
tion the  coating  of  metal  will  become  unsound  or  rotten  in  condition,  and  if 
this  material  be  of  an  argillaceous  nature,  will  expand  during  frost,  owing 
to  its  absorbent  properties,  and  cause  the  displacement  of  the  metalling 
in  wet  weather  The  surface  will  become  sticky,  which  seriously  affects  the 
tractive  power  of  horses,  while  the  road  itself  will  suffer  by  the  irregular 
deterioration  of  the  surface. 

The  use  of  such  a  material  for  binding,  as  mentioned,  enables  rolling  to 
be  accomplished  in  much  less  time  than  when  proper  binding  is  used,  and 
the  cost  of  consolidating  the  macadam  may  be  reduced  by  25  per  cent. ;  but 
on  the  other  hand  the  metal  coating,  which  will  probably  contain  under 
these  circumstances  from  30  to  40  per  cent,  of  soft  and  soluble  material, 
and  possibly  present  a  smooth  surface  immediately  after  being  rolled,  will 
quickly  become  ^cupped'  by  wheel  traffic,  a  bumpy  surface  being  the 
result.  This  is  caused  by  the  irregular  wear,  while  the  lasting  qualities,  or 
Mife,'  of  the  coating  will  be  shortened,  giving  unsatisfactory  results  to 
those  travelling  over  the  road,  and  the  work  of  renewing  the  surface  of 
the  road  in  this  manner  may  prove  a  failure  on  economical  grounds.  There 
can  be  no  doubt,  and  it  is  now  being  more  generally  recognized,  that  sand 
as  a  material  for  binding  in  connection  vnth  rolling  operations,  when  applied 
in  a  limited  but  sufficient  quantity,  promotes  the  durability  of  the  metal 
coating,  while  the  general  results  are  equally  satisfactory ;  a  firm,  compact, 
and  smooth  surface  is  obtained,  and  the  subsequent  maintenance  of  the  road 
is  minimised. 

The  difficulty  and  consequent  cost  of  obtaining  this  kind  of  binding 
material  in  many  districts  may  preclude  its  being  used.     In  such  cases  a 


ROAD-ROLLING  AND   SCARIFYING.  227 

material  of  a  light  and  friable  nature,  free  from  vegetation,  should  be 
employed,  or  road-drift  and  the  screenings  from  the  stone-breaking  machine 
may  be  advantageously  employed  for  this  purpose. 

When  using  clean  sand  great  care  should  be  exercised  in  applying  it,  as 
in  the  event  of  its  being  spread  over  the  surface  of  the  macadam  before  it 
is  '  set,'  or  sufficiently  rolled  in  a  dry  state,  the  sand  will  be  carried  to  the 
bottom  of  the  coating  by  the  artificial  watering  necessary  for  consolidation, 
and  being  irrecoverable,  it  will  form  an  irregular  and  undesirable  cushion 
between  the  old  and  new  metalling.  In  consolidating  highly  siliceous 
macadam  it  is  advisable  to  use  loamy  sand,  in  order  to  ensure  cohesion. 
If  clean  sand  be  used  in  combination  with  the  screenings  from  the 
breaking  machine  a  very  sound  and  satisfactory  road  surface  will  be 
obtained. 

When  renewing  the  crust  of  a  road  with  a  heavy  coat  of  metalling  of 
from  3  to  4  inches  in  thickness,  the  author  invariably  applies  sand  when 
possible,  finishing  the  surface  of  the  road  with  the  screenings  from  the 
stone-breaking  machine.  This  gives  a  smooth,  clean  surface  to  begin  with, 
and  the  metal  coating  obtained  will  withstand  much  more  wear  than  a 
coating  made  with  an  inferior  binding. 

A  greater  amount  of  rolling  is  necessary  when  sand  is  employed  as  a 
binding  material,  but  economy  is  promoted,  and  the  results  are  more  satis- 
factory when  sand  is  used  than  by  the  use  of  a  material  which  gives  to  the 
metalling  an  appearance  only  of  having  been  properly  consolidated. 

When  the  surface  of  a  road  is  scarified  and  a  coating  of  fresh  metalling 
one  stone  thick  applied,  it  will  be  found  that  there  is  no  necessity  for  employ- 
ing any  additional  binding  materials,  as  the  old  metalling  contains  a 
sufficient  amount  of  detritus  for  the  purpose. 

804.  If  the  surface  of  a  road  is  scarified  and  the  old  metalling 
screened  (the  method  of  accomplishing  which  will  be  explained  in  the 
Chapter  on  Road  Maintenance),  a  sufficient  quantity  of  small  stones  and 
fine  sand  or  detritus  will  be  obtained  which  forms  an  excellent  binding, 
provided  it  is  not  incorporated  with  any  material  of  a  clayey  nature  or  other 
unsatisfactory  matter. 

805.  It  should  always  be  remembered  that  the  best  road  is  made,  other 
things  being  equal,  with  the  least  possible  amount  of  binding  consistent 
with  cohesion ;  provided  the  crust  of  the  road  is  properly  formed  transversely 
and  of  sufficient  strength,  a  smooth  even-wearing  surface  and  an  economically 
maintainable  road  will  be  the  result.  The  cost  of  carrying  out  the  work  of 
consolidating  the  macadam  in  this  manner  is  indicated  in  Table  XXXIY., 
page  225.  The  working  expenses  need  not  exceed  the  amount  stated  unless 
the  binding  has  to  be  purchased  and  hauled  a  considerable  distance,  or 
there  is  not  available  a  water-supply  affording  a  sufficient  quantity 
within  easy  reach  of  the  rolling  operations,  necessitating  extra  expenditure 
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in  the  employment  of  additional  water-carts.  Theae  circnmstances  will 
determine  in  a  great  measure  the  actual  cost  of  such  operations  in  anj 
particular  county  or  district  of  a  county. 

806.  Mileage  of  Beads  which  can  be  undertaken  with  one  Boiler. — 
The  mileage  of  roads  which  should  be  apportioned  to  each  roller  in  a  county 
will  depend  on  the  weight  of  the  machine  adopted,  the  rolling  width, 
as  alBO  the  amount  and  method  of  carrying  on  the  work,  either  by  patching 
or  by  spreading  the  macadam  in  long  stretches  the  full  width  of  the  road. 
When  working,  the  operations  may  be  considerably  affected  by  the 
frequency  of  the  interruptions  experienced  on  account  of  passing  traflSc 
and  by  the  climatic  conditions.  It  may  be  stated,  however,  that  on  county 
roads  over  which  local  or  purely  agricultural  traffic  passes,  one  roller  will 
suffice  for  consolidating  from  100  to  120  miles  of  road;  but  if  the  traffic  is 
partly  due  to  local  industries,  one  roller  is  required  for  from  60  to  80  miles 
of  road.  In  provincial  towns  and  urban  districts  40  to  50  miles  would 
be  a  sufficient  mileage  to  be  properly  served  by  one  roller.  In  manu- 
facturing towns  and  cities  the  extent  of  roads  which  one  roller  is  capable 
of  being  employed  on,  will  depend  very  much  on  whether  the  work  can 
be  carried  out  continuously  or  intermittently  only.  In  the  former  case  a 
full  day's  work  can  be  performed,  and  the  quantity  of  metalling  which  can 
be  consolidated  will  vary  according  to  the  weight  of  the  roller  employed 
and  the  other  influencing  conditions;  while  in  the  latter  instance  pos- 
sibly only  one-half  of  the  amount  of  macadam  capable  of  being  consoli- 
dated by  the  roller  under  ordinary  circumstances  may  be  dealt  with  in  one 
day. 

807.  Hiring  Boad-rollers.— The  hiring  of  road-rollers  appears  to  be  still 
a  matter  of  controversy  in  some  of  the  English  counties. 

The  system  of  hiring  was  at  one  time  greatly  taken  advantage  of  in  England 
for  the  purpose  of  effecting  much-needed  improvements  in  the  condition  of  the 
main  roads,  immediately  after  the  passing  of  the  Local  Qovernment  Act, 
1888,  creating  County  Councils^  but  the  more  economical  and  satisfactory 
arrangement  of  purchasing  road-rollers  is  now  gradually  being  adopted. 
The  hire  system,  however,  is  still  practised  in  many  counties  at  the  present 
time,  even  where  the  mileage  of  the  roads  would  ensure  many  road-rollers 
being  fully  employed  all  the  year  round. 

The  cause  of  this  preference  is  somewhat  difficult  to  guess,  no  valid 
reason  being  given  for  the  adoption  of  hiring,  except  that  it  is  cheaper  to  hire 
and  save  the  annual  cost  of  repairs  on  the  rollers.  This  has  been  stated  to 
amount  to  £30  or  £iO  per  engine  per  annum  in  some  isolated  instances,  but 
{admitting  this  to  be  the  case)  the  party  who  supplies  the  rollers  on  hire,  or 
contracts  to  perform  the  work  at  a  tonnage  rate,  must  obviously  include  the 
cost  of  such  repairs  in  the  charge  for  performing  the  work.  The  cost  of 
annual  repairs  as  stated  above  is  excessive,  as  will  be  shown  presently, 
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unless  some  extraordinary  expenditure  was  included  in  the  figures  relating 
to  the  particular  year  for  which  tlie  statistics  are  given.  The  cost  of  hiring 
rollers  varies  considerably,  but  25s.  per  day  may  be  taken  as  an  average, 
which  sum  includes  the  engineman,  coals,  oil  and  waste. 

Taking  the  quantity  consolidated  each  day  at  a  mean  between  the  rolling 
capacity  of  a  15-ton  roller  and  that  of  a  12-ton  roller  as  50  tons  of  metalling, 
the  cost  would  be  6d. ;  to  this  sum  must  be  added  the  collateral  expenses 
for  sweeping  and  for  the  use  of  a  water-cart  and  horse,  which  amounts  to 
5d. ;  this  gives  an  inclusive  price  of  lid.  per  ton  consolidated,  the  price  per 
ton  increasing  as  the  quantity  of  macadam  rolled  becomes  less. 

The  usual  contract  tonnage  price  for  hiring  is  1&,  so  that  taking  the 
difference  between  the  two  systems  at  the  low  figure  of  3d.  per  ton  or  about 
25  per  cent.,  and  reckoning  the  useful  effect  of  one  road-roller  at  8000  tons 
of  macadam  per  annum,  it  is  obvious  that  the  expenditure  incurred  for  hiring 
would  be  sufficient  in  the  course  of  three  or  four  years  for  the  purchase  of  a 
roller. 

808.  In  France,  when  the  rolling  is  done  by  contract,  the  amount  of 
consolidation  considered  necessary  is  usually  stated  at  so  many  ton-miles  for 
each  cubic  yard,  the  engine  travelling  at  a  maximum  speed  of  2|  miles 
an  hour. 

This  varies  according  to  the  weight  and  width  of  the  rolls,  the  average 
being  2|  ton-miles  per  cubic  yard,  and  the  contract  price  is  about  5d.  per 
ton-mile,  exclusive  of  the  water-supply.  The  necessity  for  hiring,  however, 
becomes  apparent  when  the  mileage  of  roads  under  an  authority  or  urban 
council  is  too  small  to  justify  them,  on  economical  grounds,  in  purchasing  a 
road-roller,  especially  when  the  quantity  of  macadam  to  be  consolidated  is 
only  sufficient  to  keep  it  at  work  for  a  few  months  in  each  year.  In 
Scotland  all  the  road-rollers  are  purchased  for  county  work,  but  hiring  to  a 
limited  extent  is  practised  in  provincial  towns  and  isolated  places.  These 
rollers  were,  for  the  most  part,  in  use  under  the  old  regime  of  the  '  Road 
Trustees,'  and  previous  to  the  advent  of  the  County  Councils,  although 
many  road-rollers  have  been  introduced  since  that  date. 

809.  Repairs. — The  annual  cost  for  repairs  on  steam  road-rollers  is  a 
subject  which  cannot  be  detailed  with  accuracy,  as  they  have  not  been  in 
use  for  a  sufficient  length  of  time. 

All  the  working  parts  of  an  engine  will  necessarily  require  renewal  in 
the  course  of  time,  however  remote  that  time  may  be.  The  careful  handling 
of  the  engine  by  an  experienced  driver  will  greatly  reduce  the  cost  of 
repairs,  and  if  he  is  of  a  practical  tarn  (as  he  should  be)  the  cost  for  many 
slight  repairs  will  be  trifling. 

The  cost  of  repairs  on  road-rollers,  used  as  such  only,  has  been,  in  the 
author's  experience,  extending  over  a  period  of  ten  years,  slightly  under  £15 
for  each  engine,  which  sum  includes  the  renewal  of  the  driving-wheels  or 
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hind  rollers  after  an  average  wear  of  seven  years,  daring  ivbich  time  60,000 
tons  of  metalling  had  been  consolidated  by  one  road-roller.  The  driving 
rollers  are  subjected  to  great  wear,  as  may  be  imagined,  and  the  renewal  of 
these  forms  one  of  the  heaviest  items  of  expenditure.  Various  means 
have  been  devised  to  remedy  this  by  adopting  steel  for  the  tires,  while 
renewable  rims  are  recommended  by  many  makers  of  rollers.  These  have 
all  more  or  less  failed  to  overcome  the  difficulty,  as  the  renewable  tires, 
although  appearing  to  satisfy  the  requirements  in  practice,  are  unfortunately 
found  to  be  wanting  in  many  essential  particulars. 

In  all  probability  a  new  fire-box,  tubes,  and  other  minor  parts  will  be 
required  in  the  course  of  a  few  years ;  so  that  the  actual  cost  of  steam  road- 
rolling  may  be  somewhat  more  than  the  sum  just  stated.  An  inclusive  sum 
(having  regard  to  the  probable  future  requirements  of  renewals  and  repairs) 
of  £23  per  annum  for  each  roller  should  be  sufficient  to  keep  it  in  efficient 
working  order.  This  is  at  the  rate  of  5  per  cent,  on  the  purchase  price  of  a 
15-ton  roller.  The  only  other  direct  and  available  information  on  the 
subject  of  a  reliable  nature,  so  far  as  the  author  is  aware,  is  detailed  in  a 
paper  by  Mr.  K  T.  Hooley,  County  Surveyor  of  Notts,*  on  *  Steam  Rolling,' 
which,  besides  alluding  to  the  matter  of  repairs,  describes  in  a  lucid  and 
exhaustive  manner  the  history  of  steam  road-rollers,  and  the  work  performed 
by  them  generally. 

Mr.  Hooley  states  in  e£fect  that  after  five  years'  service  it  was  found 
necessary  to  send  the  rollers,  three  in  number,  to  the  makers'  works  to 
be  thoroughly  overhauled  and  supplied  with  new  sets  of  wheels.  The 
total  cost  of  these  repairs  and  renewals  amounted  to  £388,  18&,  which  is 
equal  to  an  annual  expenditure  of  6  per  cent. ;  when  returned  the  rollers 
were  practically  as  good  as  new. 

810.  Judging  by  the  number  of  steam  road-rollers  at  present  in  use  an 
idea  may  be  formed  of  the  high  appreciation  of  road-rolling  in  this  country, 
when  it  is  stated  that  the  firm  of  Aveling  &  Porter  alone  have  made  and 
sold  over  3000  steam  road-rollers,  the  majority  weighing  from  10  to  15 
tons.  In  London  alone  more  than  100  rollers  are  in  daily  use  on  an  area 
of  400,000,000  square  yards  of  macadamized  and  flint  roads,  which  repre- 
sent over  2000  miles  of  road  having  an  average  width  of  30  feet. 

811.  The  cost  of  steam  road-rollers  and  accessories  are  detailed  in 
the  subjoined  table,  which  applies  only  to  the  usual  type  of  machine 
used ;  special  requirements  to  suit  particular  circumstances  involve  a  larger 
cost 

*  A  psper  on  '  Steam  Boiling'  read  before  the  Incorporated  Association  of  Municipal 
and  Cotin^  Engineers,  and  published  in  their  Proceedings,  vol.  zxii.  p.  284. 
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Tablb  XXXV. 


Description  of  Plant. 


roller  \ 


16-ton  Toad-roller,  tingle  cylinder, 

15-ton  road-roller,  single  cylinder,  conyertible,  with  roller  1 
wheels  only,  no  traction  wlieels  or  fore-carriage,  .  .  / 
Set  of  four  traction  wheels  and  fore-carriage, 
12-ton  road-roller,  single  cylinder, 
12-ton  road-roller,  single  cylinder,  convertible,  with 

wheels  only,  no  traction  wheels  or  fore-carriage. 
Set  of  fonr  traction  wheels  and  fore-carriage, 
10*ton  road-roller,  single  cylinder, 
If  made  compound,  extra,  15-ton  roller, 

12        „  .        . 

10        „  .        . 

„  15  tons  conyertible, 

12 
Sleeping-Tan  to  accommodate  four  men, 
Traction  wagon,  capacity  4  tons,  .... 


Water-cart,  „       240  gallons,   . 

Scarifier  attached  to  any  class  of  roller. 


Cost  of  Roller  and 
Accessories. 


£  $,  d. 

460  0  0 

600  0  0 

76  0  0 

400  0  0 

525  0  0 


65 
875 
75 
55 
55 
80 
60 
76 
66 
76 
85 
35 
100 


Scarifying  Macadam  Boads. 

812.  Scaxifiers  or  HachineB  for  Breaking  up  Macadam  Boads. — In 

repairing  the  surface  of  a  road  by  the  aid  of  a  road-roller,  the  usual  practice 
is  to  lay  a  sufficient  thickness  of  metalling  to  bring  the  contour  of  the  road 
into  proper  form,  which  often  involves  the  application  of  considerable  quan- 
tities of  material.  Laying  macadam  one  stone  thick  on  a  bard  road  and  then 
rolling  it,  is  not  to  be  recommended,  both  on  economical  grounds  and  because 
great  damage  often  results  from  the  metalling  being  crushed  when  so  spread.  If 
ihe  surface  of  a  road  is  loosened  to  a  sufficient  depth  preparatory  to  re-form- 
ing and  applying  the  macadam,  one  stone  thick  may  suffice  to  meet  the  require- 
ments of  the  case,  which,  without  this  being  done,  would  require  a  coating 
of  metal  of  unnecessary  thickness  being  applied  to  ensure  satisfactory  results. 

818.  It  seems  strange  that,  even  before  steam  rollers  were  introduced,  a 
contrivance  for  scarifying  roads  on  the  agricultural  harrow  and  plougb 
principle  was  patented  in  1817  by  Clay,  and  designated  "  a  harrow  which  is 
intended  to  scarify  the  uneven  part  of  any  road." 

It  is  stated  that  attempts  have  been  made  from  time  to  time,  not  only  in 
this  country  but  also  in  France,  to  construct  a  machine  having  the  same 
object  as  Clay's,  and  drawn  by  horses,  but  it  is  evident  that  little  or  no 
advance  was  made  in  the  construction  of  a  practical  machine  for  this  purpose 
imtil  within  comparatively  recent  years. 
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814.  The.  propriety  of  Bcarifying  macadam  roads  does  not  appear  to  be 
fully  appreciated,  owing  probably  to  a  want  of  experience  in  the  matter,  or 
possibly  to  its  having  been  so  rarely  resorted  to  that  the  actnal  work  per- 
formed by  the  machine  has  not  been  sufficiently  known. 

In  districts  where  macadam  scarifiers  have  been  introduced  and  prac- 
tically applied,  it  is  considered  to  be  an  indispensable  adjunct  in  connection 
with  steam  rolling.  This  is  a  subject  of  considerable  importance  in  con- 
nection with  the  maintenance  of  roads,  and  as  such  operations  can  be 
executed  by  machinery  at  a  considerably  less  cost  than  by  hand  labour,  a 
full  description  will  be  given  of  mechanical  scarifiers  and  of  the  results 
obtainable  by  their  use. 

815.  ftuaMcations  which  a  macadam  Scarifier  ahould  poesess. — ^A 
macadam  road-scarifier,  to  be  of  any  practical  advantage,  must  be  of  a  light 
but  strong  construction,  easily  manipulated,  and  form  part  of,  or  be  per- 
manently attached  to,  the  road-roller  or  traction-engine. 

It  should  be  capable  of  being  used  both  when  the  engine  is  moving 
forward  and  when  it  is  moving  backward,  while  the  engine  wheeb  should 
not  be  allowed  to  compress  the  portion  of  road  just  broken  up  when  making 
a  fresh  '  cut '  parallel  with  it 

The  teeth  or  tines  should  be  spaced  sufficiently  close  to  ensure  the  crust 
of  the  road  being  completely  loosened,  and  the  mechanism  regulating  the 
depth  of  the  cut  should  be  so  arranged  that  the  teeth  or  tines  can  be 
instantly  raised  clear  of  the  road  when  necessary.  This  is  particularly 
desirable  when  working  in  towns  in  order  that  crossings,  gratings,  tobies,  or 
other  obstructions  may  be  safely  passed  while  the  engine  is  in  motion  ;  the 
depth  to  which  it  is  intended  to  penetrate  the  macadam  will  depend  on  cir- 
cumstances, but  for  all  practical  purposes  it  need  not  exceed  5  inches.  The 
working  of  the  machine  should  be  so  arranged  as  to  avoid  the  stones  com- 
posing the  crust  of  the  road  being  violently  strewn  about^  with  the  possible 
risk  of  incurring  danger  to  pedestrians  and  vehicular  traffic,  or  damage  to 
house  or  shop  windows  when  working  in  populous  places.  The  best  known 
scarifying  machines  made  within  the  last  few  years  in  this  country  and 
employed  in  some  instances  with  marked  success,  are  given  in  the  following 
list  in  chronological  order. 

816.  Different  Makers  of  Scarifiers.— Kutty's  road-scarifier,  1884; 
Voysey  &  Hosack's  apparatus  for  breaking  up  streets,  etc,  1890 ;  Jackson's 
road-scarifier,  1891 ;  Wallis's  machine  for  breaking,  etc.,  the  surface  of 
roadB,  1891 ;  Henderson's  macadam  road-breaker,  1891 ;  Messrs.  J.  Fowler 
&  Co.,  road-scarifier,  1894 ;  Morrison's  (Aveling  &  Porter)  road-scarifier, 
1895  ;  Rutty's  road-scarifier,  1896 ;  Burrel  &  Butty's  road-breaking  machine, 
1897  ;  Fowler's  scarifier,  1897 ;  Marshall's  scarifier,  1898 ;  Bomford's  scari- 
fier, 1898 1  Hosack's  scarifier,  1898. 

Of  the  various  machines  mentioned,  the  author  will  describe  the  main 
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features  of  Hatty's  origiual  scarifier  as  im proved  in  1894,  and  give  the 
amount  and  cost  of  work  effected  by  its  use.  This  machine  has  done  excel- 
lent work  for  many  years  past^  and  still  maintains  its  position  as  a  capable 
and  effective  mechanical  appliance  under  certain  conditions.  These  con- 
ditions will  be  referred  to  later  on. 

Morrison's  machine,  which  is  manufactured  by  Messrs.  Aveling  &  Porter, 
and  fixed  to  their  road-rollers  or  traction-engines,  will  also  be  described, 
and  details  given  as  to  its  working  capacity  and  cost. 

This  machine  is  capable  of  performing  heavy  or  continuous  scarifying, 
and  of  working  with  equal  facility  and  advantage  backwards  or  forwards.  As 
it  is  usually  attached  to  the  engine,  but  can  be  detached  in  a  few  minutes  if 
necessary,  it  is  available  for  work  at  a  moment's  notice ;  this  is  a  convenient 
arrangement  when  the  repairs  on  the  roads  are  carried  out  on  the  patching 
system. 

The  other  machines  mentioned  in  the  pieceding  list,  so  far  as  any  special 
features  possessed  by  them  are  of  interest^  will  be  briefly  noticed  in  their 
chronological  order. 

817.  Butty's  Scarifier.— The  general  features  of  this  machine  are 
shown  in  fig.  111.  It  is  made  up  of  a  heavy  cast-iron  box  or  trolley  a,  to 
either  end  of  which  a  bracket  b  is  fixed,  carrying  the  boss  c  through 
which  the  quick-threaded  screw  d  in  the  depth-regulating  frame  e  works. 
This  frame  is  rigidly  held  in  position  by  deep  recesses  on  each  side,  between 


Fio.  111. 

which  the  boss  slides,  the  lower  ends  being  carried  by  small  road  wheels 
which  travel  in  a  line  with  the  axis  of  the  machine,  while  the  means  of 
regulating  the  depth  is  provided  at  the  upper  end  of  the  frame  e  by  a 
handle    g.    The  rogulatiug-frame  and  bearing-wheel  /  are  placed  in   a 
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raking  position,  as  shown  in  the  illustration,  fig.  111.  Logs,  h^  are  cast  on 
the  box-frame  at  the  comers,  to  which  are  attached  draw-links  and  pins, 
forming  the  means  for  attaching  the  drag-chains.  The  teeth  or  scarifying 
tools  t,  are  placed  in  sockets  y,  and  pass  through  the  lower  part  of  the 
cast-iron  frame  a.  They  are  generally  set  at  an  angle  of  60*  with  the 
iroad,  and  are  held  firmly  in  position  by  means  of  screws  k.  The  road 
wheels  for  supporting  the  box-frame  a  are  carried  by  an  axle  m,  which 
can  be  adjusted  transversely,  so  as  to  permit  of  the  wheel  being  placed  in 
the  recess  n,  by  which  means  the  machine  can  be  worked  close  up  to  the 
kerb-stones  or  edge  of  footpaths  when  necessary.  This  scarifying  machme 
is  capable  of  penetrating  hard  macadam  to  a  depth  varying  from  1}  inch  to 
5  inches.  The  work  is  commenced  at  the  crown  of  the  road,  and  gradually 
continued  towards  the  side ;  when  the  other  portion  is  commenced  the  engine 
hauling  the  scarifier  is  turned  round  or  reversed  if  necessary.  The  width  of 
the  cut  or  extent  of  surface  loosened  each  turn  is  about  18  inches.  This 
machine  being  on  the  trailing  principle,  cannot  be  pushed  backwards ;  the 
engine,  therefore,  has  to  be  disconnected  from  the  scarifier  when  the  length 
of  road  operated  on  has  been  traversed.  To  avoid  l^e  necessity  of  .turning 
the  engine  completely  round,  a  draw-gear  arrangement  is  fixed  on  the  front 
of  the  engine,  by  which  the  scarifier  is  drawn  when  making  the  return  cut 
It  will  be  obvious  that  even  with  this  arrangement  a  considerable  loss  of 
time  is  involved  when  operating  on  a  short  length  of  road.  The  time  occupied 
in  changing  the  position  of  the  engine  will  depend  greatly  on  the  aptitude  of 
the  driver,  but  generally  it  may  be  taken  at  25  per  cent,  of  the  actual  work- 
ing time  engaged  on  a  piece  of  road  of  about  three  hundred  yards  in  length. 
The  latest  arrangement  in  connection  with  working  this  scarifier  is  to  harness 
it  to  an  engine  in  front  of  the  driving-wheel  and  alongside  of  the  steering- 
wheels.  It  is  held  in  position,  as  far  as  it  possibly  can  be  so  under  the  cir- 
cumstances, by  means  of  chains  attached  to  the  side  of  the  fork,  the  spindle 
for  carrying  the  hind  wheel  scrapers,  and  a  bar  of  iron  fixed  at  rear  of  the 
tender.  By  this  means  the  scarifier  can  be  hauled  in  either  direction  with- 
out reversing  or  turning  the  engine.  The  great  width  occupied  by  this 
combination,  is,  however,  rather  a  serious  matter  on  narrow  roads.  Thb 
machine,  which  weighs  2  tons,  performs  its  work  very  effectively,  and  there 
is  little  ridging  of  the  macadam  when  the  teeth  are  working  at  an  average 
depth  ;  the  latest  make  of  this  machine  has  four  tines,  which  are  capable  of 
loosening  a  width  of  21  inches ;  the  cost  of  this  scarifier  is  £100  delivered. 

818.  Voysey  &  Hosack's  Scarifier. — ^This  machine  consists  of  a  double 
cast-iron  frame,  the  inner  or  tool  frame  working  within  the  external  one. 
The  front  part  of  the  external  frame  is  attached  to  the  tender  of  the  engine 
by  means  of  a  pivot  shaft,  while  at  the  rear  or  hind  part  it  is  carried  by 
small  road  wheels. 

The  road  surface  is  scarified  by  means  of  an  arrangement  consisting  of  a 


ROAD-ROLUNG  AND   SCARIFYING.  235 

revolving  barrel,  in  the  periphery  of  which  are  sockets  for  holding  the  tools 
or  teeth,  which  teeth  are  inserted  and  secured  rigidly  in  position  by  screwing 
the  discs  forming  the  tool  barrel  tightly  together  by  means  of  a  through 
bolt  and  nut 

The  rotary  motion  is  obtained  by  a  series  of  endless  pitch  chains  extend- 
ing from  a  chain  wheel  attached  to  the  countershaft  outside  the  fly-wheel  of 
the  engine  to  the  shaft  wheel  at  the  front  end  of  machine,  which  operates 
the  axle  carrying  the  tool  barrel  and  fixed  between  the  cast-iron  frame. 
The  tool-barrel  frame  can  be  made  to  traverse  the  external  frame  so  as  to 
enable  the  machine  to  work  close  to  the  side  of  the  channels. 

The  depth  to  which  it  is  intended  to  lift  or  scarify  the  macadam  is 
regulated  by  means  of  a  screw  and  handle.  The  barrel  containing  the  teeth 
or  tools  revolves  in  a  direction  contrary  to  that  in  which  the  wheels  of  the 
engine  travel.  This  machine  can  be  worked  in  either  direction  without 
uncoupling  the  scarifier  from  the  engine,  the  motion  of  which  is  alternately 
a  pull  and  a  push.  The  teeth  in  the  tool  barrel  are  arranged  in  spiral  lines 
around  it^  the  number  inserted  depending  on  the  hauling  capacity  of  the 
engine  to  which  the  machine  is  attached  and  the  hardness  of  the  road  sur 
face  which  is  being  scarified. 

The  machine  is  well  balanced,  and  throws  but  little  weight  on  the  engine 
operating  it  It  can  scarify  at  the  rate  of  300  square  yards  per  hour,  even 
when  the  passing  traffic  causes  considerable  delay.  The  action  of  the 
scarifying  teeth  or  tools  is  such  that  stones  are  occasionally  strewn  about 

819.  Jackson's  Scarifier. — ^This  machine  weighs  3|  tons,  and  is  some- 
what similar  in  appearance  and  construction  to  Butty's  scarifier,  the  principal 
difference  being  that  the  road  wheels  at  either  end  act  as  steering-wheels  also, 
instead  of  being  used  in  connection  with  the  depth-regulating  arrangement 
Experience,  however,  shows  that  such  an  arrangement,  so  far  as  the  steering 
is  concerned,  is  not  a  necessity  in  this  class  of  road-repairing  machinery. 

A  lever  on  the  top  of  the  machine  enables  the  scarifying  teeth  to  be 
quickly  lifted  clear  of  the  road  surface  when  manhole  covers  or  other  such 
fixtures  are  met  with.  The  scarifier  can  break  up  300  square  yards  of 
macadam  road  in  an  hour,  when  the  surface  has  been  previously  well  watered. 
The  cost  of  working  this  scarifier,  including  hire  of  engine,  repairs  to  machine 
and  tools,  is  stated  to  be  -^  of  a  penny  per  square  yard. 

820.  Wallis's  Boad-peckmg  Machina — ^This  scarifier  in  its  improved 
form  is  attached  to  the  rear  end  of  the  tender  of  a  road-roUer  by  means  of 
brackets  and  spindle  or  hinge,  which  admits  of  a  rise-and-fall  movement 
being  given  to  the  machine,  and  a  certain  amount  of  lateral  play  is  pro- 
vided in  the  arrangement  of  the  drawbar.  The  machine  proper  is  carried 
by  two  road  wheels.  The  pecks,  three  in  number,  act  when  at  work  in 
a  similar  manner  to  the  cutting  tool  of  a  rock  drill.  These  pecks  are 
operated  by  a  three-throw  crank  worked  by  a  three-cylindered  engine,  the 
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motive  power  beiug  supplied  from  the  road-roller  boiler  by  means  of  steam 
pipes  and  flexible  tubing.  In  addition  to  the  three-throw  crank  the 
machine  is  provided  with  a  fly-wheel,  stop-valve,  and  governor  to  regulate 
the  speed  of  the  machine  when  working.  The  raising  or  lowering  of  the 
machine  is  accomplished  by  means  of  rack-and-pinion  gearing,  the  regulating 
of  the  depth  of  cut  being  quickly  manipulated  by  a  handle  attached  to  a 
pinion,  which  can  be  locked  by  means  of  a  lever.  The  action  of  the  pecks 
causes  the  stones  to  be  violently  thrown  about,  so  that  to  avoid  damage 
arising  from  this  cause  it  is  necessary  to  enclose  the  lower  part  of  the 
machine. 

It  is  stated  that  tiiia  scarifying  machine  can  loosen  between  300  and 
400  square  yards  of  macadam  in  an  hour,  the  condition  of  the  surface  of  the 
road,  wet  or  dry,  making  no  difference  in  the  amount  of  work  done.* 

821.  Henderson's  Machine  for  breaking  up  macadam. — This  machine 
is  the  invention  of  the  surveyor  to  the  Kingston  Highway  Board,  Surrey, 
and  consists  of  a  strongly-built  iron  frame  triangular  in  plan.  Two  road 
wheels  at  the  rear  end  and  one  at  the  front  end  of  the  apex  carry  the  frame- 
work, which  has  an  arrangement  fixed  in  front  for  attaching  it  to  a  special 
drawbar  on  the  tender  of  the  road-roller.  The  perforating  teeth  or  drills, 
nine  in  number,  have  a  rotary  motion  ;  for  this  purpose  each  chuck-end  or 
socket  of  the  tool  holder  is  fitted  with  a  bevel  wheel  carried  in  proper 
bearings  in  a  cross  girder.  These  bevel  wheels  actuate  a  similar  number  of 
bevel  wheels  or  mitre  gears  keyed  on  to  a  horizontal  shaft  revolving  in  suit- 
able bearings  fixed  at  each  side  of  frame.  The  shaft  is  driven  by  toothed 
wheels,  and  a  pulley  on  the  shaft  of  the  upper  one  connects  with  and 
receives  motion  through  the  driving-belt  working  on  the  fly-wheel  of  the 
road-roUer ;  the  mechanism  can  also  be  driven  by  shafting. 

The  depth  to  which  the  drills  work  is  regulated  by  two  men  by  means 
of  side  screws,  which  can  be  adjusted  so  as  to  suit  the  contour  of  the  road 
at  the  haunches  or  channels.  This  machine  weighs  2|  tons,  and  nine 
drills  are  iu  operation  when  the  scarifier  or  road-breaker  is  working  at 
its  full  capacity,  covering  a  width  of  6  feet.  The  number  of  drills,  gene- 
rally three  or  four,  made  use  of  at  one  time,  however,  depends  on  the  power 
of  the  engine  employed  to  operate  the  machine  and  the  hardness  of  the  sur- 
face of  the  road,  while  the  work  is  greatly  facilitated  by  thoroughly  watering 
the  macadam  previous  to  commencing  scarifying  operations. 

This  machine  can  only  work  in  one  direction  ;  the  road-roller,  however, 
need  not  be  uncoupled,  as  the  engine  simply  pushes  the  scarifier  badkwards 
into  the  position  for  commencing  another  cut.  It  is  stated  that,  when  all  the 
drills  are  in  operation,  it  can  break  up  a  mile  of  ordinary  road  composed  of 

*  Paper  on  "  Machinery  as  adapted  to  the  breaking  up  of  Macadam,"  read  at  a 
meeting  of  the  Incorporated  Association  of  Municipal  and  County  Engineers  at  Beading, 
byA.  6.  Gollin^  A.M.I.O.E. 
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flint  macadam  in  one  day  or  an  average  of  600  square  yards  per  hour  when 
an  engine  sufficiently  powerful  is  employed,  the  cost  working  out  at-about  |d. 
per  square  yard.  A  10-ton  roller  is  not  sufficiently  powerful  to  work  this 
machine  when  all  the  drills  are  made  use  of,  so  that  it  is  usual  to  employ 
four  drills  in  granite  and  six  drills  in  flint  macadam  roads. 

822.  Fowler's  Machine  (Evershed's  Patent). — ^This  machine  is  on  the 
principle  adopted  in  land  cultivation  by  steam.  The  frame  is  mounted  on 
road  wheels,  and  has  depth-regulating  and  steering-gear ;  the  cutting  tools 
are  triangular  in  shape,  and  are  retained  in  the  sockets  by  locking  screws. 
The  number  of  teeth  may  be  varied  according  to  the  condition  of  the  road, 
the  width  scarified  at  one  operation  being  3  feet  when  the  full  complement 
of  teeth  are  used.  The  wire  rope,  one  end  of  which  is  attached  to  the 
engine,  passes  round  a  horizontal  pulley  of  large  diameter  placed  on  the 
top  of  the  machine,  the  other  end  being  attached  to  a  claw  anchor  fixed  at 
the  side  of  the  road.  A  length  of  40  lineal  yards  can  be  scarified  at  one 
time ;  then  it  is  compulsory  to  stop  the  work  and  refix  the  anchor  before 
commencing  another  stretch  of  similar  length. 

823.  HorriBon|s  Scarifier. — ^This  machine  is  manufactured  by  Messrs. 
Aveling  k  Porter,  Rochester,  and  is  fitted  to  their  road-rollers  and  traction- 
engines.  The  principal  features  of  this  scarifier  are  handiness,  utility,  and 
economy  in  the  working  expenses.  The  different  parts  of  this  machine  are 
shown  in  figs.  112  and  113,  the  former  illustration  being  a  side  elevation  of 
the  scarifier,  attached  by  plates  to  the  rear  or  tender  end  of  a  road-roller,  and 
placed  immediately  behind  the  off-side  driving-wheel. 

The  fixed  frame  a,  containing  the  mechanism,  is  made  up  of  channel  irons, 
angle  irons,  and  plates  riveted  together ;  it  measures  33  inches  by  28  inches 
by  12  inches,  and  is  fixed  to  the  rear  of  the  tender  by  means  of  two  steel  plates, 
h  and  e,  which  latter  extends  to  and  is  embraced  by  the  horn  plate  close  to 
the  firebox,  the  lower  end  being  stayed  to  the  cross-bar  at  the  rear  end  of  the 
tender  as  shown.  The  outside  part  is  braced  by  means  of  a  heavy  channel- 
iron  connecting  piece  d^  which  is  bolted  to  the  lower  end  of  the  fixed  frame  a, 
and  connected  to  the  main  axle  of  the  driving-wheel  by  means  of  a  cap 
bolted  on  to  the  boss  of  the  nave  e;  it  is  further  secured  in  position  by  an 
angle  iron  brace/,  bolted  to  the  connecting  bar  d  and  the  top  of  the  frame  a. 
This  constitutes  the  shell,  or  frame,  in  which  the  mechanism  of  the  scarifier 
proper  works,  and  it  is  evident  that  the  whole  apparatus  is  securely  held  in 
position  by  the  arrangement  described. 

The  inner  framework  comprises  the  steel  rocking  block  ^,  working  on  a 
shaft  which  carries  the  double  set  of  scarifying  tools,  or  tines,  hj  secured  in 
sockets  by  wedge  keys.  A  set  of  tines,  three  in  number,  is  placed  on  each 
side  of  the  rocking  block  or  '  tool  box,'  so  that  they  are  alternately  brought 
into  action  when  going  backwards  or  forward. 

The  tool-holder  is  rocked  over  by  a  lever  t,  working  in  a  curved  slotted 


238 


ROAD   MAKING  AND   MAINTENANCE. 


heaj  fixed  to  the  inside  frame,  and  locked  in  position  by  means  of  a  screw 
k,  A  saddle  or  stop  block  If  at  the  lower  end  of  the  inside  frame  a,  admits 
of  the  tool-block  being  firmly  held  in  position  either  when  the  rocking  lever 


Fio.  112. — Morison's  scarifier  (side  elevation). 

is  locked  while  scarifying  in  a  forward  direction  or  when  the  change  of 
motion  is  reversed.     It  will  be  seen  that  while  the  lever  is  in  its  proper 


Fio.  118. — ^Morison's  scarifier  (end  elevation). 

position  for  scarifying,  the  rocking  block  fits  closely  on  the  saddle,  securing 
it  in  a  rigid  manner,  and  also  retaining  the  tools  or  tines  at  the  proper  angle 
when  in  operation.    The  through  or  stop-block  bolt  m  prevents  the  saddle 
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being  lowered  too  far,  and  at  the  same  time  acts  as  a  distance  piece,  keeping 
the  shell  or  outer  frame  in  its  proper  position.  The  means  for  raising  or 
lowering  the  rocking  block  or  tool-holder  is  provided  for  at  the  top  of  the 
frame,  and  consists  of  a  rack  and  pinion  n,  operated  through  a  quick-acting 
worm-wheel  and  worm,  which  is  controlled  by  the  depth-regulating  hand- 
wheel  0. 

A  cast  steel  bridge,  p,  is  fixed  on  either  side  on  the  top  of  the  frame 
through  which  tension  rods  q  pass,  secured  at  the  top  by  nuts,  and  placed 
in  a  vertical  recess  in  the  inside  frame  reaching  to  the  rocking  block  shaft. 
Around  these  bolts  is  a  strong  spiral  spring  which  minimizes,  when  work- 
ing, any  sudden  shocks  or  vibration  that  may  be  transmitted  to  the  engine. 

The  inner  frame,  made  of  cast  steel,  and  comprising  the  saddle  rocking 
block,  lever,  and  rack  arrangement,  is  held  in  position  by  the  channel  irons 
at  each  side  forming  the  outer  frame,  and  which  also  act  as  guides  when  the 
scarifier  proper  is  being  raised  or  lowered  during  the  progress  of  the  work. 
This  machine  works  in  either  direction  by  an  alternate  puU-and-push  move- 
ment, and  its  merits  may  be  briefly  stated  as  follows. 

Beuig  permanenldy  attached  to  the  road-roller  in  a  convenient  manner  it 
is  always  available  for  use,  and  can  be  utilized  in  executing  small  repairs,  or 
patching,  as  well  as  for  continuous  work.  It  can  be  operated  equally  well 
in  either  direction,  and  may  be  r:un  close  up  to  the  side  of  channels,  kerbs, 
or  sod  borders  without  the  roller  wheels  passing  over  them.  It  is  simple  in 
construction,  there  being  no  complicated  gearing  to  get  out  of  order.  It  is  a 
very  effective  machine,  and  performs  its  work  thoroughly,  expeditiously,  and 
economically,  the  weight  of  the  machine  being  only  11  cwts.  The  amount 
of  work  which  can  be  accomplished  by  the  aid  of  this  machine  and  the  cost 
of  operating  it  will  be  given  in  detail  later  on  in  this  chapter. 

824.  Butty's  1896  scarifier  was  designed  for  carrying  out  light  repairs, 
such  as  patching  the  centre  of  a  road,  for  which  purpose  it  is  very  well 
adapted.  Being  fixed  immediately  behind  the  tender  of  the  engine  or  roller 
it  cannot  be  brought  into  operation  close  to  the  side  channels  of  a  road  or 
carriage-way,  consequently  it  can  only  be  utilized  to  a  limited  extent. 

825.  Bmrell  and  Butty's  Boad-breakuig  Machine.— This  patent  scarifier 
is  intended  to  be  permanently  attached  to  the  driving-wheel  of  a  road-roller 
or  traction-engine.  The  design  is  so  arranged  that  when  the  scarifying 
tools  are  in  operation,  the  engine  always  exerts  a  pulling  movement,  when 
travelling  in  either  direction  (which  is  a  distinctive  feature),  instead  of  an 
alternate  pull-and-push  motion  characteristic  of  scarifiers  of  the  perma- 
nently fixed  type.  By  this  arrangement  the  necessity  of  the  roller  wheel 
passing  over  the  newly  scarified  surface  when  working  backwards  is  avoided. 
The  machine  consists  of  a  triangular  frame,  rocking  on  the  main  axle  of 
the  engine.  The  rocking  of  the  frame  and  the  regulation  of  the  depth  to 
which  the  tines  penetrate  the  macadam  are  controlled  by  suitable  devices, 
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either  by  hand,  by  steam,  or  by  an  hydraulic  arrangement  from  the  foot- 
plate. 

826.  Fowler's  (Powler  and  Benstead)  Scarifler. — ^This  machine  consists 
of  a  light  triangular  frame  fixed  on  the  main  axle  of  the  off-side  driving- 
wheel  of  a  roller  or  traction-engine.  At  the  extreme  points  of  the  frame  the 
tines  or  tools  are  fixed,  the  depth  to  which  they  penetrate  being  regulated  by 
a  screw.  There  are  pivoted  extensions  at  either  end  of  the  frame,  carrying 
rollers  or  wheels  which  regolate,  at  either  end  alternately,  the  approximate 
position  of  the  scarifier,  and  also  for  carrying  auxiliary  tines  or  spikes  for 
loosening  the  macadam ;  strong  cushioning  springs  are  provided  for  the  screw- 
regulating  arrangement  and  on  the  extension  pieces,  admitting  of  a  slight 
movement  of  the  small  wheels  when  in  a  vertical  position. 

827.  Marshall's  Scarifier. — This  machine  consists  of  a  framework  fixed 
at  the  rear  of  the  engine,  and  extending  the  full  width  of  the  driving-wheels. 
The  guides  are  fixed  on  this  framework  or  bed  plate,  which  admit  of  a 
saddle-piece  or  bracket  being  moved  by  means  of  a  handle  and  screw  in  a 
horizontal  plane  or  in  a  transverse  direction.  The  saddle-pieces  have 
spindles  or  trunnions  at  their  lower  end,  which  carry  the  swinging-frame 
containing  the  tines  or  tools,  and  which  are  capable  of  being  rotated  to  a 
certain  extent  or  of  being  held  in  position  by  fixed  studs,  depending  on  the 
direction  in  which  the  engine  \b  travelling. 

The  swinging-frame  can  be  locked  in  any  desired  position  by  means  of  a 
bolt  working  through  a  slot ;  the  depth  to  be  scarified  being  regulated  by  a 
handle  and  wheel  working  a  worm  and  toothed  quadrant* 

As  may  be  gathered  from  the  foregoing  description,  the  swinging-frame 
carrying  the  scarifying  tools  can  be  adjusted  transversely  to  any  position  in 
the  width  of  the  engine. 

828.  Bomford's  Scarifier. — ^The  characteristic  feature  of  this  scarifier, 
which  is  shown  in  fig.  114,  is  the  introduction  of  strong  spiral  springs  to 
obv-iate  (as  is  claimed)  any  damage  being  done  to  the  engine  through  vibra^ 
tion.  The  whole  pull,  when  working  the  scarifier,  is  taken  by  the  spring 
drawbar  fixed  on  the  off  hind  roller  axle.  There  is  a  small  regulating  wheel 
on  the  main  shaft  of  the  scarifier,  intended  to  assist  in  following  the  undula- 
tions, and  to  break  up  the  higher  parts  of  a  road  surface  deeper  than  the 
hollows.  It  is  constructed  on  the  principle  of  a  fixed  or  rigid  machine,  but 
has  not  the  advantages  of  such,  owing  to  the  springs,  which  yield  consider- 
ably when  a  hard  piece  of  macadam  is  encountered.  The  working  of  the 
machine  is  under  the  entire  control  of  the  driver  on  the  foot-plate  by  means 
of  suitable  levers.  By  such  an  arrangement  it  would  appear  that  a  consider- 
able amount  in  working  expenses  could  be  saved,  but  when  it  is  understood 
that  this  machine  can  only  work  in  one  direction,  the  saving  gained  by  only 
one  man  working  the  engine  and  scarifier  is  lost  on  account  of  the  machine 
having  to  travel  back  without  doing  any  work,  or  by  reason  of  its  having  to 
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be  turned  rouad  to  make  a  return  cut.  The  cost  of  this  machine  is  J&70, 
and  it  can  be  fitted  to  any  class  of  engine.  This  patented  arrangement  is 
now  the  property  of  Messrs.  Eddison  and  De  Mattos,  Dorchester. 

829.  HoBack'8  Scaiifier.— This  machine,  made  by  Messrs.  Burrell  & 
Sons,  is  very  simikr  to  the  scarifier  (already  mentioned)  patented  by  Butty 
&  Burrell  in  1897.  It  consists  of  a  heavy  triangular  frame  or  bracket 
pivoted  on  the  driving  axle  of  the  oflf-wheel.  The  sets  of  tines  or  tools  are 
fitted  at  each  end  of  the  frame.  The  machine  can  be  worked  in  either 
direction,  the  force  exerted  being  always  a  pull.  No  matter  in  which 
direction  the  engine  travels,  it  performs  the  scarifying  in  such  a  manner 
that  the  surface  already  lifted  is  not  compressed  again  by  the  engine 
wheels  in  making  a  fresh  cut  immediately  adjoining  the  loosened  portion. 
In  this  particular  Hosack's  scarifier  is  a  perfect  machine.  The  depth- 
regulating  arrangements  are,  however,  somewhat  complicated,  the  method 
of  operating  this  part  of  the  mechanism  being  as  follows : — A  lever  attached 
to  the  end  of  the  rocking-frame  in  front  of  the  driving-wheel  of  the  engine 
is  connected  with  a  toothed  quadrant  fixed  on  the  boiler  barrel,  and  is  operated 
by  a  worm  and  wheel  The  leverage  is  considerable,  and  liable  to  impart  a 
large  amount  of  strain  on  the  working  parts.  A  connecting  rod  with 
another  wheel  at  the  rear  end  of  the  engine  works  the  depth-regulating 
apparatus  when  the  machine  is  being  moved  in  a  forward  direction.  These 
regulating  wheels  are  placed  so  far  away  from  the  outside  line  of  the 
machine  that  the  man  operating  it  cannot  properly  see  the  surfietce  of  the 
road  which  is  being  scarified. 

This  does  not  materially  affect  the  actual  depth  penetrated  by  the  tines, 
as  the  driving-wheel,  owing  to  the  position  occupied  by  the  teeth  following 
close  to  them^  acts  in  a  measure  as  a  guide.  In  working,  however,  where 
numerous  manhole  covers,  tobies,  and  such  obstructions  exist,  the  difficulties 
in  operating  it  are  greatly  increased. 

This  machine  weighs  about  50  cwts.,  which  is  rather  a  heavy  additional 
weight  on  one  side  of  the  roller  when  consolidating  metalling ;  for  an  18-inch 
wheel  it  is^  equal  to  about  2|  cwts.  per  inch  of  width  of  rolling  surface.  The 
cost  of  this  machine  is  J&115,  and  it  is  illustrated  in  fig.  113^  where  it  is 
shown  attached  to  a  road-roller, 

880.  A  considerable  amount  of  crushing  of  the  metalling  takes  place  when 
the  engine  on  its  return  makes  a  cut  parallel  with  that  already  accomplished. 
This  is  caused  by  the  stones  being  raised  and  spread  by  the  inner  tine 
over  the  edge  of  the  hard  portion  of  the  road,  especially  when  penetrating 
to  a  depth  of  4  to  5  inches.  This  crushing  is  obviated  by  three  or  four  men 
following  the  machine,  and  raking  the  material,  deposited  on  the  solid 
road,  over  on  to  the  loosened  portion.  A  much  more  effective,  and,  at 
the  same  time,  more  economical  method,  is  to  attach  a  trailing  plate  of  heavy 
iron  fixed  at  an  angle  so  as  to  remove  any  stones   deposited  on  the  un- 
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broken  portion  of  the  road,  clear  of  the  position  of  the  wheel  when  making 
the  next  cut. 

881.  The  last  four  scarifiers  have  been  so  recently  introduced,  and  so 
little  worked,  that  no  authentic  information  can  be  given  as  to  the  actual 
cost  of  their  working,  reparation,  and  efficient  maintenance. 

882.  Road-rollers  are  generally  supplied  with  spikes,  which  can  be  fitted 
into  the  rim  of  the  driving-wheels,  for  the  purpose  of  loosening  the  mac- 
adam. They,  however,  cause  considerable  vibration  and  strain  on  the 
engine,  without  being  efficient  for  the  purpose  intended.  In  America  the 
ordinary  agricultural  plough,  with  a  special  arrangement  of  sockets  or  shoes, 
is  made  use  of  for  scarifying  macadam  roads,  and  for  breaking  up  pavements, 
four  to  eight  horses  being  employed  to  operate- it.  The  principal  makers  of 
this  type  of  scarifier  are  the  Syracuse  Chilled  Plough  Company,  New  York. 

888.  From  the  foregoing  description  of  the  various  types  of  scarifying 
machines  in  use,  it  will  be  seen  that  all  accomplish  a  considerable  amount  of 
work  proportionate  to  the  power  of  the  engine  employed,  so  that  the  only 
ground  for  choosing  one  in  preference  to  another  is  its  handiness  and  economy 
in  working. 

It  is  obvious  that  for  working  purposes  the  preference  should  be  given  to 
the  machine  best  adapted  to  the  rollers  in  actual  use,  as  there  would  be  no 
saving  in  procuring  a  traction  or  road-engine  simply  to  work  the  scarifier. 
For  repairing  or  improving  county  roads,  it  is  evident  that  the  type  of 
machine  operated  by  means  of  a  trailing  movement^  occupies  a  considerable 
extent  of  roadway,  and  necessitates  In  some  instances  the  employment  of 
additional  hands  to  work  the  scarifier  and  assist  in  conducting  the  vehicular 
traffic  past  the  machine. 

Another  weak  point  in  connection  with  detached  scarifiers  working  on 
county  roads  is  the  necessity  of  removing  the  apparatus  to  some  convenient 
point,  entirely  clear  of  the  roadway,  when  the  operations  for  the  time  being 
are  finished,  unless  the  road  is  a  very  wide  and  quiet  one.  This  constant 
removal  to  and  fro  may  constitute  a  great  drawback  to  their  use. 

These  remarks,  however,  do  not  apply  to  the  same  extent  in  the  case  of 
suburban  and  town  roads,  as  refuges  in  the  form  of  depdts  or  workshops 
belonging  to  the  authorities  are  generally  near  at  hand.  Of  course  these 
adverse  conditions  to  the  employment  of  trailing  scarifiers  are  entirely 
removed  when  the  road  is  given  over  exclusively  to  the  operations  on  hand. 

The  question  is  which  machine  will  perform  the  work  most  efficiently 
and  economically,  or  what  is  the  class  of  engine  available  consistent  with 
the  conditions  already  stated.  A  scarifying  machine,  no  matter  of  what 
type,  which  requires  the  surface  of  the  road  to  be  previously  watered  so 
as  to  successfully  operate  it,  entails  an  additional  cost  in  the  working 
expenses,  which  may  be  considerable  if  the  available  source  of  supply  is 
at  a  distance. 
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A  scarifying  machiue  Bhonld  be  preferred  which  neither  forms  ridges 
nor  violently  displaces  the  stones  when  working,  as  considerable  incon- 
venience and  possible  danger  is  thereby  incurred.  The  practical  benefits 
resulting  from  the  employment  of  a  macadam  scarifying  machine  are 
numerous  and  important,  and  as  an  instance  the  following  may  be  men- 
tioned as  occurring  frequently  in  practice.  Many  badly  shaped  roads  on 
which  there  is  a  considerable  amount  of  serviceable  metalling  can  be  broken 
up  by  the  aid  of  a  scarifier  and  re-formed  at  a  trifling  cost,  which  improve- 
ment could  not  possibly  be  economically  undertaken  if  hand  picking  had 
to  be  adopted.  By  re-forming  the  road  surface  after  scarifying,  the  material 
may,  in  many  instances,  be  rolled  without  any  additional  metalling  being 
applied. 

884.  Hand  Fiddng  or  Manual  Labour. — Hand  picking  or  manual 
labour,  besides  being  an  expensive  operation,  demands  the  employment  of  a 
large  number  of  men  to  loosen  the  old  surface  of  the  road  so  as  to  ensure  a 
sufficient  amount  of  work  being  prepared  to  keep  a  road-roller  steadily  at 
work.  This  is  not  attainable  in  many  districts,  recourse  being  had,  under 
the  circumstances,  to  repairing  a  road  with  heavy  coatings  of  metal,  when 
refacing  the  surface  was  perhaps  all  that  was  necessary. 

885.  Cost  of  Scarifying  by  Hand  Labour.— The  cost  of  scarifying  or 
picking  by  manual  labour  varies  considerably,  and  depends  on  the  nature 
of  the  macadam  operated  on,  and  its  condition  at  the  time. 

Soaking  the  crust  of  the  road  with  water  adds  considerably  to  the  ease 
with  which  it  can  be  picked.  The  greasy  and  sodden  state  of  the  detritus 
resulting  from  this,  however,  entails  a  considerable  amount  of  after-labour, 
and  if  the  old  material  is  to  be  screened,  the  process  of  watering  is  decidedly 
objectionable,  as  it  retards  rather  than  aids  the  operations  as  a  whole. 

Under  the  most  favourable  circumstances,  that  is,  when  the  metalling  of 
the  surface  of  a  road  contains  a  large  proportion  of  soft  material,  the  cost, 
including  repairs  to  tools,  etc.,  may  only  amount  to  l-25d.  per  square  yard, 
while,  if  the  road  surface  is  composed  of  very  hard  and  compact  material,  the 
cost  may  reach  2d.  or  2*25d.  per  square  yard.  This  is  at  the  rate  of  about  33 
square  yards  per  day  in  the  former  case,  and  20  square  yards  in  the  latter 
for  each  man. 

In  attempting  to  scarify  a  road  which  has  been  steam-rolled  by  manual 
labour,  the  increased  cost  for  re-sharpening  and  repairs  to  the  hand  picks  are 
relatively  high,  while  the  area  which  a  man  can  accomplish  in  one  day  may 
be  reduced  to  12  or  15  square  yards ;  under  these  circumstances  the  cost  of 
hand  picking  is  from  3d.  to  3'5d.  per  square  yard,  an  amount  which  would 
suffice  for  spreading  a  coat  of  metalling  on  the  road  one  stone  thick,  when 
the  price  delivered  on  the  road  is  6s.  per  ton.  Besides  being  an  expensive 
operation,  the  danger  arising  through  the  stones  being  projected  by  hand 
picking  is  considerable,  and  damage  is  likely  to  result. 
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In  the  author's  experience  an  inclusive  price  of  1*7  5<L  per  square  yard 
for  hand  picking  is  an  average  cost,  on  macadam  composed  of  hard  siliceous 
whinstone  and  basalt^  when  workmen's  wages  are  at  the  rate  of  4^  per 
hour. 

886.  Aznomit  of  Work  aocomplished  by  Butty's  Scarifier.  •— The 
amount  of  work  which  can  he  performed  by  Butty's  improved  scarifier 
depends  very  much  on  the  hauling  power  of  the  engine  employed,  the  nature 
of  the  metalling  composing  the  crust  of  the  road,  and  whether  the  surface 
is  very  hard  and  dry  or  in  a  moist  condition.  The  interruptions  from  pass- 
ing traffic  also  form  a  considerable  item  in  the  actual  performance  of  the 
machine.  It  is  stated  that  the  machine  is  capable  of  thoroughly  scarifying 
300  square  yards  of  hard  macadam,  i  inches  deep,  in  an  hour  under  favour- 
able conditions;  but  150  to  200  square  yards  is  considered  good  work  when 
the  exigencies  of  the  traffic  preclude  continuous  working,  and  an  ordinary 
traction-engine  or  roller  is  employed. 

887.  Cost  of  Scarifying  with  Butty's  Machine. — The  cost  of  scarifying 
in  country  districts,  under  favourable  conditions,  will,  therefore,  allowing  for 
hire  of  engine  and  wear  and  tear  of  the  plant  and  the  sharpening  of  tools, 
be  0'12d.  or  one-eighth  of  a  penny  per  square  yard.  When  the  passing 
traffic  is  such  that  considerable  delays  are  experienced,  then  the  cost  will  be 
increased  to  0'62d.  or  three-fifths  of  a  penny  per  square  yard.  In  large  towns 
where  the  cost  of  labour,  fuel,  and  the  hire  of  engines  are  considerably  higher 
than  obtains  in  rural  districts,  the  cost  must  necessarily  be  greater,  amount- 
ing to  0'5d.  and  in  some  cases  to  Id.  per  square  yard. 

The  author  has  seen  Butty's  improved  scarifier,  working  in  Hyde  Park, 
London,  effectively  loosen  macadam  at  the  rate  of  over  400  square  yards  per 
hour,  the  roadway  being  given  over  to  its  exclusive  use.  Allowing  for  the 
higher  cost  of  labour  and  collateral  expenses,  compared  with  that  generally 
paid  in  country  districts,  the  amount  of  the  working  expenses  would  be 
increased  by  0'15d.,  which  gives  a  total  of  0*77d.  per  square  yard,  exclusive 
of  repairs,  depreciation  on  engine,  and  the  time  lost  in  bringing  the  plant  to 
and  removing  it  from  the  ground.  Each  set  of  tines,  three  in  number,  will 
scarify  150  square  yards  before  requiring  to  be  re-sharpened ;  the  cost  of 
dressing  and  tempering  each  tine  is  3d.,  which  is  equal  to  0'06d.  per  square 
yard  or  ^  of  Id.  The  firm  of  Messrs.  G.  G.  Butty  <fe  Co.  let  out  their 
scarifiers  on  hire,  charging  a  royalty  of  ^d.  per  square  yard  of  macadam 
loosened ;  they  also  supply  the  motive  power  and  all  tools  necessary  at  an 
inclusive  cost  of  Id.  per  square  yard ;  but  when  the  old  material  of  the  road- 
way is  re-formed  for  the  new  coat  of  metalling,  the  charge  is  on  an  average 
l^d.  per  square  yard. 

This  machine  has  hitherto  been  exclusively  used  in  scarifying  the 
Victoria  Embankment  (about  60,000  square  yards),  for  the  London  County 
Council,  and  also  for  the  roads  in  the  public  parks  for  Her  Majesty's 
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Commissioners,  namely,  Hyde  Park,  St.  James's  Park,  and  Kensington 
Gardens.  A  considerable  number  of  these  scarifying  machines  are,  however, 
now  nsed  by  different  Councils  and  Local  Boards. 

888.  Aznoant  of  Work  done  by  Morrison's  Ekarifier. — ^The  amount  of 
work  which  can  be  performed  by  one  of  Morrison's  patent  scarifiers  attached 
to  an  Aveling  6s  Porter  15-ton  road-roller  (fig.  110)  will  now  be  detailed, 
along  with  the  cost  of  working  it^  based  on  the  author's  experience,  extend- 
ing over  a  period  of  four  years,  during  which  time  extensive  scarifying  opera- 
tions in  conjunction  with  steam  road-rolling  have  been  carried  out  The 
scarifier  has  two  sets  of  three  tines  or  tools,  which  are  used  alternately,  so 
that  the  machine  can  work  in  either  direction.  The  tools  or  tines  are  made 
of  square  bar  steel,  with  tapered  points  at  both  ends,  as  already  mentioned, 
and  can  be  regulated  to  penetrate  and  loosen  uniformly  to  a  depth  of  from  2 
to  4r^  inches,  which  for  most  purposes  is  considered  sufficiently  deep.  The 
tines  or  teeth  are  spaced  at  6  inch  centres,  being  sufficiently  close  to  effectively 
break  up  the  crust  of  a  road,  while  the  loose  material  is  left  in  a  regular 
manner,  causing  little  or  no  inconvenience  to  passing  traffic.  Scarifying 
machines  which  have  the  teeth  wider  apart  are  apt  to  leave  a  certain  portion 
of  the  road  surface  undistributed.  In  consequence  of  this  a  series  of  ridges 
and  furrows  is  formed,  which  will  greatly  inconvenience  the  public  traffic 
and  increase  the  cost  of  the  operation  by  making  it  necessary  to  level  the  old 
metalling  to  a  proper  contour,  while  the  subsequent  rolling  is  never  satis- 
factory under  these  circumstances.  The  width  of  surface  disturbed  or 
loosened  by  Morrison's  machine  is  18  inches  when  the  tools  are  penetrating 
the  macadam  to  a  depth  of  4  inches ;  with  a  less  depth  the  width  of  mac- 
adam broken  up  will  be  correspondingly  decreased. 

If  the  road  is  very  narrow  it  is  possible  that  the  width  of  the  roller  will 
not  admit  of  the  whole  surface  being  broken  up  by  the  machine  ;  it  will  then 
be  necessary  to  employ  manual  labour  to  complete  the  operation.  Beads 
having  such  a  narrow  width  are  the  exception. 

It  is  the  usual  practice  to  commence  scarifying  at  the  sides  of  a  road  and 
gradually  work  towards  the  centre,  when  the  roller  has  to  be  turned  com- 
pletely round  in  order  to  proceed  with  the  other  half  of  the  macadam 
surfiace. 

The  minimum  width  of  a  roadway  which  a  scarifier  of  this  description, 
attached  to  a  15-ton  roller,  can  operate  on  so  as  to  effectively  break  up  the 
whole  of  the  macadam  surface  is  12  feet.  A  10-ton  roller  fitted  with  one  of 
these  machines  can  easily  scarify  the  whole  surface  of  a  road  10  feet  in 
width. 

Many  circumstances  arise  which  influence  the  amount  of  work  performed 
each  day,  such  as  the  narrowness  of  roads  (as  compared  with  wide  ones), 
steep  gradients,  and  the  work  having  to  be  carried  on  during  wet  weather. 
The  tines  or  scarifying  tools,  in  each  set  of  six  points,  when  properly  dressed 
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and  tempered,  will  scarify  on  an  average  786  square  yards,  and  the  cost  for 
sharpening  each  tine  or  tool  (two  points)  amounts  on  an  average  to  3d.  and 
3|d.  each,  or  l^d.  to  l|d.  per  point  This  is  at  the  rate  of  O'Oldd.  per  square 
yard  of  road  surface  scarified,  or  -^  of  a  penny.  The  following  figures  detail- 
ing the  amount  of  work  done  and  the  cost  of  the  operations,  are  based  on 
an  average  depth  scarified  of  3  inches  on  roads  the  metalling  of  which  extends 
to  a  width  of  from  16  to  20  feet  and  upwards,  either  when  there  is  a  con- 
siderable amount  of  wheel  traffic  causing  interruptions  to  the  progress  of 
the  work,  or  when  the  road  is  given  over  entirely  to  the  repairs,  compared 
with  working  on  narrow  roads  under  similar  condition& 

The  extent  to  which  scarifying  can  be  accomplished  on  a  gradient  is 
necessarily  reduced  considerably  as  compared  with  working  on  a  level  stretch 
of  road.  This  is  especially  the  case  when  the  gradient  exceeds  1  in  20,  as 
the  roller  will  then  be  capable  of  working  the  scarifier  in  one  direction 
only,  namely,  down  the  incline. 

When  the  surface  of  a  roadp  is  damp  the  work  of  breaking  up  the  sur- 
face is  more  easily  accomplished  so  long  as  it  is  not  so  greasy  as  to  cause 
slipping  of  the  roller  wheels.  When  the  macadam  is  soaked  with  water,  or 
when  the  operations  are  carried  on  during  rain,  it  is  advisable  to  work  the 
machine  in  a  forward  direction  only.  This  avoids  compressing  the  already 
scarified  old  metalling,  by  the  passage  of  the  wheels  of  the  roller  over  it 
when  the  return  cut  is  made  with  the  engine  travelling  backwards.  When 
the  material  is  in  a  comparatively  dry  state,  the  driving-wheels  of  the  roller 
passing  once  over  the  newly  scarified  portion  of  the  road  does  not  compress  it 
to  such  an  extent  as  to  prevent  its  being  easily  lifted  or  raked  into  proper 
shape. 

On  level  roads  of  average  widtli,  and  when  the  interruptions  caused  by 
wheel  traffic  are  not  numerous,  this  machine  can  break  up  in  an  efficient 
manner  the  surface  of  a  macadamized  road  at  the  rate  of  400  square  yards 
per  hour.  On  roads. with  moderate  gradients  and  under  similar  conditions 
of  traffic,  the  quantity  of  scarifying  which  can  be  accomplished  in  the  same 
time  amounts  to  350  square  yards. 

On  roads  where  the  gradient  exceeds  1  in  20,  and  up  to  the  limit  at 
which  the  roller  can  steam  safely  tender  first,  and  also  on  level  roads  during 
continuously  wet  weather,  which  may  necessitate  the  machine  being  operated 
in  one  direction  only,  the  amount  of  work  done  will  vary  from  250  to  300 
square  yards  per  hour. 

When  the  gradient  exceeds  this  limit  the  area  which  can  be  scarified  will 
depend  on  the  facilities  which  exist  for  the  speedy  turning  of  the  roller 
completely  round  at  the  commencement  and  end  of  each  cut  when  scarifying 
one  half  of  the  road.  Under  such  circumstances,  and  when  the  interruptions 
are  not  numerous,  the  amount  of  work  which  can  be  accomplished  in  an 
hour  may  be  taken  at  from  200  to  250  square  yards.    These  figures  apply  to 
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roads  which  had  been  previously  steam-rolled,  and  are  based  on  the  average 
extent  of  scarifying  performed  under  the  varying  conditions  mentioned. 

Allowing  25  per  cent  for  hilly  roads  and  for  roads  ]iaving  a  considerable 
traffic,  the  average  is  300  square  yards  per  hour. 

889.  Cost  of  Working  Morrison's  Scarifier.— In  the  following  table, 
XXXYI.,  the  cost  of  watering  the  surface  is  not  included  in  the  working 
expenses,  as,  for  reasons  already  given,  the  author  does  not  approve  of  this 
method  of  carrying  on  the  work  in  the  majority  of  cases.  The  cost  of  a 
day's  work  of  nine  hours  is  made  up  of  the  following  items : — 

Table  XXXVL 


Engineman,  ....... 

Sourifier  attendant,  ...... 

Flagman,  ........ 

Coals  for  engine  (steam  navigation),  indlading  carting,  5  owt.,  128.  pei 
ton,  oil  and  waste  8d.,  ..... 

Team  work,  water  •cart  for  supplying  engine ;  as  it  is  only  required  occa- 
sionally, allow  50  per  cent,  on  a  day's  hire  at  8s.,     . 

Sharpening  scarifier  tools, .  ..... 

Depreciation  and  repairs  on  roller  and  scarifying  machine, 


Cost  per  day 

8, 

d. 

4 

0 

8 

6 

3 

0 

p 

8 

8 

- 

4 

0 

8 

0 

2 

6 

23    8 


When  the  source  of  the  water-supply  is  conveniently  situated  the  water- 
cart  is  not  required,  but  when  it  is  situated  at  a  considerable  distance  the 
exclusive  services  of  a  man  and  horse  may  be  necessary.  For  2700  square 
yards  per  day  this  ^ves  a  rate  of  0*1  Old.,  or  slightly  over  y^^  of  a  penny  per 
square  yard  of  surface  scarified. 

The  greatest  area  which  has  been  loosened  by  Morrison's  scarifier 
under  the  author's  directions  was  650  square  yards  per  hour  3  inches  deep, 
at  a  cost  of  ^  part  of  a  penny  per  square  yard  on  a  road  which  had  been 
rolled  seven  years  previously.  This  is  an  exceptional  performance,  as  the 
work  was  carried  out  on  a  road  where  few  interruptions  occurred  The  cost 
of  operating  this  machine  in  some  of  the  English  districts  where  they  have 
been  adopted  has  averaged  about  ^d.  per  square  yard.  This  is  slightly  in 
excess  of  the  price  stated  above,  but  may  be  accounted  for  by  the  higher 
wages  paid,  the  greater  cost  of  fuel,  and  the  increased  collateral  expenses. 
A  scarifier  attached  to  an  engine  on  the  principle  described  in  the  foregoing 
paragraphs  is  capable  of  performing  a  sufficient  amount  of  work  in  one  hour 
to  keep  a  road-roller  at  work  for  five  hours  consolidating  a  new  coat  of 
metalling  spread  over  the  scarified  portion.  In  other  words,  from  1|  to  2 
hours  occupied  in  scarifying  will  be  sufficient  when  coutinuous  coatings  of 
metal  are  applied  for  one  day's  rolling. 
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840.  This  machine,  which  is  of  quite  recent  introduction,  is  being 
adopted  extensively  where  the  benefits  of  scarifying  are  properly  understood 
and  appreciated.  Being  constructed  in  a  handy  form  it  is  easily  and 
quickly  manipulated,  while  the  space  occupied  by  the  machine  is  not  an 
inconvenience  when  the  roller  is  engaged  on  either  town  or  country  roads 
in  the  ordinary  work  of  consolidating  the  metal  coatings.  There  are  about 
three  hundred  of  these  machines  in  use  at  the  present  time. 

841.  Cost  of  Scarifying  by  Hand  and  Machine  Compared. — Scarifying 
by  hand  labour  or  stocking,  even  when  average  workmen  are  employed,  is 
far  inferior  to  a  modem  mechanical  macadam  scarifier  as  regards  economy  in 
time  and  cost.  On  an  average  one  man  will  pick  from  25  to  30  square 
yards,  2^  inches  deep,  in  a  day  of  nine  hours,  at  a  cost  of  I^.  to  I|d.  per 
square  yard,  which  includes  the  charge  for  sharpening  picks  and  for  repairs. 
A  scarifying  machine  will  do  as  much  work  as  one  hundred  men  can  do  in 
the  same  time.  The  saving  effected  by  using  a  macadam  scarifier,  inclusive 
of  all  charges,  over  that  performed  by  manual  labour,  may,  under  ordinary 
circumstances,  be  estimated  at  94  per  cent. 


CHAPTER    VIIL 

THE  CONSTBUCTION  OF  NBW  AND  THE  MAINTENANCE  OF 
EXISTING  ROADS. 

842.  In  a  preceding  chapter  full  details  have  been  given,  especially  of  the 
methods  adopted  in  selecting  the  most  suitable  line  in  laying  out  a  new  road 
and  the  manner  in  which  the  construction  is  carried  out^  embracing  the 
earthworks,  drainage,  and  bridges. 

The  methods  employed  in  quarrying  the  material,  reducing  the  rock  to  road 
metal, -and  its  subsequent  consolidation  by  steam  rolling,  have  also  been 
described  in  detail,  the  cost  of  each  operation  being  taken  from  the  results  of 
practical  experience. 

8i3.  The  method  of  constructing  a  new  road,  by  which  is  meant  the 
part  forming  the  bottoming  and  top  metalling,  and  the  maintenance  of  roads 
generally,  as  practised  at  the  present  time,  will  now  be  described.  To  make 
and  maintain  these  in  an  efficient  manner  requires  careful  investigation  and 
consideration. 

Modem  exigencies  are  such  that  machinery  is  employed  almost 
exclusively  in  the  construction  and  repairing  of  roads,  and  has  to  a 
considerable  extent  superseded  the  principles  and  methods  adopted  in  road 
making  by  the  two  great  pioneers,  Telford  and  Macadam. 

844.  In  the  method  followed  by  Telford  (who  was  called  upon  to  lay  out 
new  roads  and  improve  the  line  and  gradients  of  existing  ones  in  different 
parts  of  the  country)  the  type  of  foundation  adopted  depended  on  the  local 
supply  of  suitable  material.  Telford's  name  is  associated  with  the  system 
of  hand-set  stones  as  a  pavement  foundation  on  which  the  top  metal  or 
wearing  surface  is  placed.  In  the  construction  of  many  new  roads,  and  the 
alteration  of  existing  ones,  where  suitable  material  could  not  be  obtained  for 
a  paved  foundation,  Telford  nsed  what  could  be  procured  locally,  such  as 
gravel  or  layers  of  chalk  and  gravel. 

845.  Telford's  Specification  of  Boad& — The  following  specification  of  a 
30-foot  pitched  foundation  roadway  was  that  adopted  by  Telford,  and  a 
similar  form  is  occasionally  employed  at  the  present  time  when  making 
new  roads: — 
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«  Upon  the  level  bed  prepared  for  the  road  materials  a  bottom  course  or 
layer  of  stones  is  to  be  set  by  hand  in  form  of  a  close,  firm  pavement ;  the 
stones  set  in  the  middle  of  the  road  are  to  be  7  inches  in  depth ;  at  9  feet 
from  the  centre  5  inches;  at  12  feet  from  the  centre  i  inches;  and  at  15 
feet  3  inches. 

"  They  are  to  be  set  on  their  broadest  edges  lengthwise  across  the  road, 
and  the  breadth  of  the  upper  part  of  the  said  pavement  is  to  be  broken  off 
by  the  hammer,  and  all  the  interstices  to  be  filled  with  stone  chips  firmly 
wedged  or  packed  by  hand  with  a  light  hammer,  so  that  when  the  whole 
pavement  is  finished  there  shall  be  a  convexity  of  i  inches  in  the  breadth  of 
15  feet  from  the  centre. 

"  The  middle  18  feet  of  pavement  is  to  be  coated  with  hard  stones  to  a 
depth  of  6  inches.  Four  of  these  6  inches  to  be  first  put  on  and  worked  in 
by  carriages  and  horses,  care  being  taken  to  rake  in  the  ruts  until  the  surface 
becomes  firm  and  consolidated,  after  which  the  remaining  2  inches  are  to  be 
put  on. 

"  The  whole  of  the  stone  is  to  be  broken  into  pieces  as  nearly  cubical  as 
possible,  so  that  the  largest  piece  in  its  longest  dimensions  may  pass  through 
a  ring  2^  inches  inside  diameter. 

"The  paved  spaces  on  each  side  of  the  18  middle  feet  are  to  be  coated 
with  broken  stones  or  well-cleaned  stony  gravel  up  to  the  footpath  or  other 
boundary  of  the  road  so  as  to  make  the  whole  convexity  of  the  road  6  inches 
from  the  centre  to  the  sides  of  it,  and  the  whole  of  the  materials  are  to  be 
covered  with  a  binding  of  1^  inch  of  good  gravel  free  from  clay  or  earth."  * 

A  cross-section  of  Telford's  roads  as  specified  above  is  shown  in  ^.  116. 

It  has  been  already  observed  that  Telford  did  not  always  make  use  of  a 
pitched  foundation,  but  employed  such  material  as  gravel,  which  was  applied 
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Fio.  116.— Cross-eection  of  a  80-foot  road  (Telford's). 

on  parts  of  the  road  between  London  and  Shrewsbury,  while  this  class  of 
bottoming  was  utilized  in  many  of  the  new  roads  constructed  by  him. 

It  was  the  complete  separation  of  the  road  metalling  from  the  subsoil 
that  Telford  aimed  at  in  adopting  a  pitched  foundation,  in  order  to  prevent 
the  useful  wearing  material  coming  into  contact  with  the  natural  soil.  He 
also  recommended,  when  the  drainage  was  difficult  to  effect,  that  gravel, 

*  A  TreaUae  on  Soads,  hy  Sir  Henry  Pamell. 
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sand,  vegetable  soil,  and  chalk  should  be  used,  but  he  generally  advised  the 
adoption  of  the  former  method  when  suitable  material  could  be  conveniently 
procured. 

846.  Macadam's  System.— Macadam's  system  differed  materially  from 
that  of  Telford,  but  both  Macadam  and  Telford  insisted  on  the  necessity  of 
thorough  drainage  of  the  formation  or  bed  of  the  road  and  subsoil,  which 
had  prior  to  that  time  been  entirely  neglected  in  road  making. 

Macadam  was  satisfied  with  laying  the  metalling  directly  on  the  surface 
of  the  ground,  after  the  irregularities  had  been  levelled  and  side  ditches 
formed ;  or,  in  other  words,  he  preferred  to  build  up  the  road  above  the 
surface  of  the  ground. 

The  method  of  construction  (common  previous  to  Macadam's  time,  and 
practised  in  many  instances  during  recent  years),  that  of  cutting  a  trench 
or  '  box '  sufficiently  deep  to  retain  the  road  material — was  condemned  by 
Macadam  as  detrimental  to  efficient  drainage. 

He  contended  that  the  use  of  metal  broken  to  a  small  cubical  size,  which 
would  unite  by  their  own  angles  into  a  compact  impervious  covering,  ranging 
in  thickness  from  5  to  9  inches,  combined  with  perfect  subsoil  drainage,  was 
sufficient  for  any  class  of  traffic 

To  Macadam  is  due  the  credit  of  having  been  the  first  to  direct  public 
attention  to  the  great  necessity  of  properly  breaking  the  material  to  a  uniform 
size  and  cubical  form,  ranging  from  1^  to  2  inches,  and  weighing  less  than 
6  oz.  He  was  instrumental  also  in  bringing  the  management  of  the  high- 
ways into  a  regular  system  under  qualified  surveyors. 

The  services  of  Macadam  and  his  staff  of  assistants  were  in  great  demand 
over  a  considerable  part  of  Britain  at  the  beginning  of  the  present  century. 

847.  Advantagea  and  Defects  of  Macadam's  and  Telford's  Methods  of 
Oonatmction. — Of  the  two  systems  much  can  be  said,  especially  when  they 
are  severally  applied  to  the  varying  conditions  and  nature  of  the  different 
soils  met  with  in  practice. 

A  paved  foundation,  to  be  of  any  advantage,  requires  to  be  very  carefully 
executed  with  the  best'  possible  class  of  materials ;  even  then  there  may  be  a 
large  number  of  unfilled  spaces  (inseparable  from  this  method  of  construc- 
tion), which  sometimes  act  as  drains,  so  as  to  allow  the  water  to  reach  and 
to  soften  the  natural  soil ;  the  repetition  of  this  process  moves  the  foundation 
and  destroys  the  cohesion  of  the  wearing  part  of  the  road.  Defective 
drainage,  even  of  a  temporary  nature,  will  cause  this ;  the  subsoil  gradually 
working  upwards  is  mixed  with  the  metalling,  while  the  latter  is  pressed 
down  into  the  bottoming  of  the  road.  A  road  formed  entirely  of  broken 
stones  and  consolidated  by  wheel  traffic  does  not  present  any  voids,  but  as 
the  interstices  are  composed  to  a  large  extent  of  soft  material,  more  especially 
at  the  lower  part  resting  on  the  subsoil,  the  crust  of  the  road  is  liable  to 
suffer  if  situated  on  a  damp  subsoil  of  a  retentive  nature. 
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The  bottoming  of  a  road  is  sometimes  carried  out  in  an  indiscriminate 
manner,  and  the  so-called  '  pitched  pavement '  is  often  made  with  no  better 
material  than  that  obtained  from  old  buildings  in  the  form  of  freestone, 
bricks,  and  lime  rubbish  tipped  on  the  formation  level  of  the  road  in  a 
promiscuous  manner,  and  roughly  graded  to  the  required  contour. 

A  system  of  construction  combining  the  two  methods  mentioned  may  be 
adopted  in  general  practice  with  great  advantage.  A  bottoming,  of  stones 
about  one-third  of  the  size  adopted  for  a  pitched  foundation,  and  conse- 
quently two  to  three  times  larger  than  ordinary  macadam,  spread  to  a  suffi- 
cient thickness,  then  covered  with  a  coating  of  ordinary  road  metal 
consolidated  separately  by  steam  rolling,  has  been  attended  with  beneficial 
results.  By  adopting  this  method  of  making  roads  the  cost  of  construction 
is  reduced  compared  with  the  expensive  methods  inseparable  from  the 
different  systems  carried  out  by  Telford  and  Macadam. 

848.  The  great  advance  in  the  use  of  mechanical  appliances  in  road 
construction  and  maintenance  has  made  possible  what  could  not  hitherto  have 
been  accomplished,  not  only  from  a  practical  point  of  view,  but  by  reason  of 
the  greater  efficiency  and  economy  attained. 

Previous  to  entering  into  the  details  of  the  construction  of  roads  it  will 
be  necessary  to  consider  the  nature  of  the  soil  or  bed  on  which  the  proposed 
road  will  rest. 

The  preliminary  work  of  grading  and  forming  the  cuttings  and  embank- 
ments described  in  the  previous  chapter  which  treated  of  the  work  necessary  to 
be  accomplished  in  general.  The  nature  of  the  ground  on  which  the  road  is 
to  be  placed  demands  attention,  however,  and  apart  from  the  under  drainage 
therein  treated,  the  several  kinds  of  soil  composing  the  strata  necessarily 
require  different  treatment. 

849.  The  Effects  of  Subsoils  on  the  Methods  of  Construction 
adopted. — In  constructing  a  new  road  over  sand  or  gravel  (the  simplest  case 
met  with  in  practice),  it  is  qiute  unnecessary  to  adopt  a  pitched  foundation. 
On  the  other  hand,  if  the  road  bed  is  a  retentive  clay,  the  spreading  of 
metalling  directly  on  the  soil,  according  to  Macadam's  principle,  would  be  a 
failure. 

In  the  first  case  the  natural  drainage  cannot  be  improved  upon,  and  con- 
sequently an  expensive  pitched  foundation  can  be  dispensed  with,  while  the 
system  advocated  by  Macadam  would  be  applicable. 

On  a  road  bed,  the  soil  of  which  is  of  an  argillaceous  nature,  subsoil 
drainage  can  only  partially  relieve  the  general  surface  on  which  the 
road  materials  are  to  be  placed.  Under  these  circumstances  it  would  be 
inadvisable  to  set  a  pitched  foundation  directly  on  such  a  surface,  as  in  the 
event  of  the  subsoil  drainage  becoming  temporarily  inoperative,  or  should  the 
material  composing  the  crust  of  the  road  be  disintegrated  by  the  alternate 
action  of  frost  and  thaw  resulting  in  the  metalling  b^g  made  permeable^ 
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the  road  bed  woald  be  liable  to  satoiation  with  water  in  rainy  weather.  The 
clay  would  then  gradually  rise  between  the  paved  foundation  stones  by 
reason  of  the  pressure  exerted  by  the  wheel  traffic  pressing  the  metalling 
downwards.  By  such  a  process  considerable  injury  to  the  macadam  of  the 
road  would  result,  while  the  incorporation  of  an  undue  amount  of  soft 
material  in  the  road  coating  mast  necessarily,  sooner  or  later,  deteriorate  and 
possibly  destroy  it. 

A  road  constructed  on  Macadam's  principle  would  likewise  suffer,  pro- 
bably to  a  greater  extent,  by  being  placed  on  a  clay  bed  under  similar 
conditions.  In  such  circumstances  it  is  advisable  to  apply  a  suitable 
material  to  entirely  separate  the  soil  from  the  road  material.  This  is  readily 
accomplished  by  spreading  a  layer  of  furnace  ashes,  sand,  or  other  material 
of  a  similar  nature  from  3  to  6  inches  thick  over  the  surface.  This  at 
once  forms  a  cushion  to  receive  and  thoroughly  separate  the  road  material 
from  the  soil,  while  at  the  same  time  this  intermediate  layer  admits  of 
perfect  under  drainage.  It  may  be  an  expensive  means  of  efficiently 
carrying  out  the  work  when  suitable  material  cannot  be  procured  locally,  but 
economical  maintenance  can  only  be  looked  for  by  adopting  approved  methods 
of  construction. 

Too  many  roads,  unfortunately,  have  been  constructed  without  such  pre- 
cautions being  taken,  with  results  which  are  not  only  apparent  from  the 
relatively  high  cost  of  maintenance,  but  also  from  the  surface  requiring 
almost  constant  attention  and  repairs,  while  the  necessity  for  scraping  and 
the  removing  of  mud  daring  wet  weather  is  greatly  increased. 

It  IB  advisable  when  the  road  is  formed  in  rock  cuttings  to  spread  a  layer 
of  sand  or  other  material  of  a  light  nature,  so  as  to  fill  up  the  irregularities 
of  the  surface,  and  that  will  also  form  a  cushion  for  the  road  materials  to 
rest  on.  Should  the  bottoming  be  placed  on  a  hard  surface,  as  in  the  case 
of  rock,  the  material  is  apt  to  be  pounded  and  destroyed  during  the  process 
of  consolidation. 

850.  The  practice  of  thoroughly  consolidating  the  ground  when  forming 
new  roads  by  means  of  a  light  roller  previous  to  commencing  the  actual 
structure,  has  much  to  recommend  it  This  operation  should  be  carried 
out  in  dry  weather,  and  any  depressions  on  the  surface  that  may  be  caused 
by  the  passage  of  the  roller  should  be  made  good  with  the  same  class  of 
material  as  the  surrounding  soil.  The  process  of  rolling  must  be  repeated 
until  a  uniform  and  solid  bed  is  obtained  which  will  enable  the  surface  of 
the  ground  to  sustain  the  superstructure,  and  the  weights  brought  upon  it 

851.  Method  of  Construction  adopted  at  the  present  tima — A 
system  of  bottoming  roads  combining  the  methods  practised  by  Telford  and 
Macadam,  has  long  been  adopted  by  engineers  and  surveyors.  It  consists  in 
spreading  the  metalling  on  a  layer  of  3-  or  4-inch  cube  stones  from  6  to  12 
inches  thick.     The  advent  of  the  steam  roller  has  materially  aided  this  form 
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of  construction,  the  practical  and  economical  benefits  of  which  show  that 
this  method  may  be  looked  upon  as  almost  perfect  for  macadamized 
loads. 

The  first  points  to  be  considered  are  the  width  of  the  proposed  road  and 
the  amount  of  contour  or  convexity  required  for  adequately  draining  its 
surface. 

852.  Width  of  Roads. —The  width  of  a  new  road  will  be  determined  by 
the  prospective  wheel  traffic. 

It  is  a  common  practice  to  make  a  road  sufficiently  wide  to  allow  of  two 
or  more  vehicles  passing  each  other  easily  when  travelling  fast  For 
ordinary  road  traffic  12  feet  of  metalling  will  be  sufficient,  but  this  may  be 
increased  to  20,  25,  30,  and  35  feet  according  to  circumstances ;  but  in  any 
case  it  must  be  adapted  to  the  probable  amount  of  wheel  traffic. 

An  unnecessarily  wide  road  will  cost  more  in  proportion  to  maintain  than 
one  which  is  of  the  proper  width,  while  the  first  cost  of  construction  is,  so  far, 
practically  thrown  away.  If  a  wide  road  is  not  kept  in  good  order  it 
assumes  a  very  untidy  appearance.  A  narrow  road,  on  the  other  hand,  is 
generally  very  difficult  and  expensive  to  maintain. 

In  most  cases  roads  are  made  narrow,  because  the  amount  of  money 
available  will  not  suffice  for  making  them  wide ;  but  there  is  no  economy  in 
making  a  road  either  narrower  or  wider  than  is  required  by  the  exigencies  of 
the  locality.  When  the  requirements  necessary  to  accommodate  the  traffic 
of  future  industries  which  may  arise  in  a  district  cannot  be  determined 
with  any  degree  of  certainty,  it  is  advisable  to  make  provision  for  it  in 
forming  the  earthworks.  The  road  proper  may  be  made  to  suit  the  existing 
requirements  of  the  traffic,  so  that  should  necessity  demand  it  the  roadway 
can  be  widened  at  any  future  period. 

The  width  of  existing  roads  necessarily  varies  according  to  the  geo- 
graphical position  which  they  occupy.  An  ordinary  country  road  may,  in 
view  of  its  importance,  be  metalled  to  a  width  of  from  10  to  15  feet,  while  a 
main  road  may  vary  from  15  to  25  feet. 

Roads  situated  between  large  towns,  and  those  in  suburban  districts, 
are  usually  25  to  30  feet  wide,  while  city  roads  generally  have  a  width 
of  from  30  to  45  feet.  In  many  instances,  however,  50  to  60  feet  has 
been  adopted  in  laying  out  new  streets  in  the  larger  cities,  while  a  width  of 
100  feet  and  over  is  proposed  for  some  of  the  principal  thoroughfares  in  the 
metropolis  to  relieve  the  congestion  of  vehicular  traffic,  which  has  been 
expanding  to  an  enormous  extent  for  many  years  past. 

The  widths  stated  do  not  include  footpaths,  which  are  usually  provided 
on  one  side  of  the  road,  and  in  many  instances  on  both  sides,  as  in  villages 
and  populous  places. 

The  footpaths  generally  occupy  a  width  of  6  to  7  feet,  so  that  on  county 
main  roads,  exclusive  of  side  verges,  the  total  width  of  roadway  may  be 
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from  21  to  31  feet,  while  in  the  case  of  subarban  roads,  with  footpaths  on 
either  side,  the  entire  width  is  generally  from  37  to  42  feet. 

808.  Contour  of  Roads  and  Minimnm  Gradients. — ^The  cross-section 
which  should  be  given  to  a  road  of  certain  width  is  a  matter  of  great 
importance.  It  is  nsual  to  constract  a  road  which  is  practically  level 
longitudinally  with  more  convexity  or  a  greater  contour,  than  one  which  has 
a  minimam  gradient  of  1  in  80  to  1  in  100.  The  latter  inclination  will, 
even  should  the  convexity  of  the  road  be  inconsiderable,  enable  the  surface 
water  to  be  efficiently  drained  to  the  side  channels. 

The  best  form  of  cross-section  to  give,  like  many  other  details  in  connection 
with  road  work,  is  a  matter  about  which  a  great  diversity  of  opinion  exists. 

Macadam  considered  "that  a  road  should  be  as  flat  as  possible  with 
regard  to  allowing  the  water  to  run  off  it  at  all,  because  a  carriage  ought  to 
stand  upright  in  travelling  as  much  as  possible."  *  The  rise  or  versed  sine 
given  by  Macadam  was  3  inches  on  a  width  of  18  feet,  his  view  being  that, 
if  the  surface  be  well  made  and  smooth,  the  water  would  run  off  freely  with 
such  a  convexity. 

Telford  recommended  the  form  to  be  that  of  a  flat  ellipse,  the  rise  being 
6  inches  on  a  road  30  feet  wide. 

Many  authorities  have  advocated  a  cross-section  composed  of  straight 
lines  falling  towards  the  channels  at  an  inclination  of  1  in  24,  and  joined 
by  a  short  curve  at  the  crown  of  the  road.  By  adopting  this  form  of  cross- 
section  it  is  obvious  that  the  contour  will  soon  be  destroyed  by  the  inclined 
flat  sides  wearing  into  hollows  between  the  crown  of  the  road  and  the 
haunches.  When  the  central  portion  of  a  road  is  worn  flat,  or  there  is  a 
want  of  convexity,  the  surface  rapidly  becomes  destroyed  by  the  wearing 
effects  of  the  traffic  and  defective  drainage  combined.  The  practice  of 
giving  an  excessive  contour  to  roads,  or,  as  it  is  sometimes  termed,  making 
it  'hogbacked'  or  *  barrelled,'  should  be  avoided,  as  it  is  with  difficulty  that 
vehicles  can  travel  over  them  with  safety  except  at  the  centre.  A  road 
having  an  excessive  rise,  besides  being  dangerous,  either  causes  the  wheel 
traffic  to  be  confined  to  one  track  at  the  crown  of  the  road,  or  when 
travelling  on  the  sides  the  tendency  of  the  wheels  to  slip  or  travel  towards 
the  channels  creates  a  considerable  amount  of  wear  on  the  road  surface. 

It  is  evident,  under  these  circumstances,  that  the  labour  of  horses  is 
greatly  increased,  while  the  wear  to  the  wheels  of  vehicles  is  aggravated. 
The  excessive  contour  which  a  curve  at  the  crown  of  a  road  joined  by  two 
straight  lines  produces  is  shown  in  fig.  117,  which  also  shows  a  flat  ellipse 
for  a  similar  width  of  road. 

The  best  convexity  for  all  practical  purposes  is  a  rise  of  from  ^j^  to  -^  of 
the  width  of  the  metalling.  The  form  should  be  that  of  a  flat  elliptical 
curve,  which,  besides  admitting  of  the  greatest  amount  of  wear  to  be 
*  ParliameiUary  Beport  on  the  Sighwaya  of  the  Kingdom,  1819,  p.  22. 
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obtained  from  the  metal  coating,  is  suflScient  to  pass  off  the  surface  water 
freely. 

The  former  rise  gives  a  transverse  gradient  of  1  in  3S  nearly,  for  three- 
fourths  of  the  width  of  the  roadway,  and  this  convexity  is  made  use  of  on 
suburban  roads  and  those  maintained  on  the  patching  system.  The  latter 
rise,  namely,  ^^  of  the  width  of  the  metalled  portion  of  the  roadway,  is 


-30:0- ^ 

^lUhse        carvrexil^     at     c^ii,^    ^m   \ 
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Fio.  117.— ElUptical  and  straight  line  and  cnrve  oontoor. 

that  invariably  adopted  when  the  metal  coating  is  spread  the  fall  width 
and  steam-rolled ;  it  is  a  gradient  nearly  equivalent  to  1  in  25  for  a  con- 
siderable breadth  of  the  central  portion  of  the  road. ^Thi®  additional  rise  is 
necessary,  because  after  a  few  years'  wear,  the  generaMQp^*^^  approaches 
that  of  the  former,  or  1  in  33,  and  that  before  the  surface  \«^  ^  ^®  refaced. 

854.  Details  of  Conatructioa— When  the  road  bed  hdL^®®^  prepared, 
a  layer  of  stones  varying  in  size  from  3-  to  4-inch  cubes,  and^h|J8^^'^8  ^""^^ 
1 J  to  IJ  lbs.,  is  spread  over  the  surface  to  the  intended  width,  th\*^^^^^®^ 
being  regulated  according  to  the  class  of  road  and  the  amount  of  tra?£^  ^^^^ 
to  pass  over  it.  The  bottoming  material  may  be  prepared  in  the 
and  subsequently  conveyed  to  the  works,  or  (as  is  generally  the  mSt^*^ 
adopted)  the  rough  material  is  carted  direct  to  the  road  under  constructil 
and  deposited  on  the  formation  bed,  when  it  is  hand-broken  and  formed 
the  required  width  and  thickness.  Where  the  material  for  bottombg 
broken  in  this  manner  the  cost  will  be  from  6d.  to  8d.  per  ton  (including 
spreading,  but  excluding  the  cost  of  quarrying  and  haulage). 

A  depth  of  from  6  to  9  inches  for  roads  in  country  districts  may  be  con- 
sidered sufficient,  the  thickness  being  increased  to  12  inches  for  suburban  and 
town  roads.  The  formation  bed  of  county  roads  is  generally  made  level  trans- 
versely, the  requisite  contour  being  attained  by  increasing  the  thickness  of 
the  bottoming  and  metalling  in  the  centre  of  the  road.  This,  of  course, 
presents  a  road  the  sides  of  which  are  not  equal  in  strength  to  the  central 
portion,  but  as  from  50  to  75  per  cent,  of  the  wheel  traffic  on  this  class  of 
roads  passes  along  the  middle  part,  the  wear  is  there  greatest  and  the  flanks 
or  bermes  are  relatively  strong  in  proportion. 

For  suburban  and  town  roads,  or  for  exceedingly  wide  county  roads,  where 
the  wheel  traffic  spreads  entirely  over  the  surface,  and  is  therefore  equally 
distributed  upon  the  road,  it  is  desirable  to  form  the  foundation  of  a  uniform 
thickness  and  of  equal  strength.  This  is  accomplished  by  making  the 
formation  bed  of  the  road  conform  transversely  to  the  contour  which  the 
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finished  surface  will  assume  when  finished.  Figs.  118  and  119  show  a 
cross-section  of  a  country  road  and  that  of  a  suburban  road  respectively. 
The  bottoming,  whether  for  suburban  or  country  roads,  should  in  every 
case  be  steam-rolled,  the  interstices  being  filled  with  sand  or  gravel  brushed 
into  the  joints  during  the  final  stages  of  consolidation.  Artificial  watering 
should  not  be  permitted  until  the  rolling  is  completed,  when  the  work  may 
be  tested  by  sprinkling  water  over  the  surface   to  ascertain  if  the  voids 
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Fio.  118. — Cross-section  of  a  country  road. 

between  the  stones  forming  the  bottoming  are  thoroughly  filled.  Great  care 
is  necessary,  however,  when  applying  water  under  these  circumstances,  as 
should  an  undue  amount  reach  the  bed  of  the  road  and  soften  the  soil, 
depressions  will  be  formed  by  subsequent  rolling,  which  may  possibly  result 
in  a  permanently  weak  place  being  formed. 

In  the  event  of  depressions  being  formed,  resulting  from  the  unequal 
capacity  of  the  soil  for  bearing  the  material  composing  the  bottoming,  or^)y 
reason  of  water  finding  its  way  to  the  road  bed  or  formation,  it  becomes 
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Fio.  119. — Cross-section  of  a  suburban  road. 


necessary  to  add  more  material  of  the  same  nature  and  quality,  in  small 
quantities,  until  the  whole  surface  is  brought  to  a  regular  and  uniform 
contour. 

On  this  foundation  or  pavement  a  cushion  layer  of  sharp  clean  sand  or 
fine  gravel  should  be  spread,  from  1^  to  2  inches  in  thickness,  to  receive  the 
top  metalling.  If  this  precaution  is  not  tak^n,  the  metal  coating, ''espe- 
cially if  it  be  of  moderate  thickness,  will  be  crushed  by  the  action  of  the 
roller  wheels  pressing  the  stones  on  the  hard  consolidated  bottoming 
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The  top  metalling  maj  now  be  proceeded  with  and  spread  to  a  thickness, 
according  to  the  requirements  considered  necessary,  but  generally  varying 
from  3  to  6  inches.  If  the  latter  thickness  is  necessary,  it  will  be  advisable 
to  carry  out  the  work  by  spreading  the  material  in  two  layers  and  consolidat- 
ing the  first  before  applying  the  second  coating, 

855.  In  either  case  the  rolling  should  be  commenced  at  the  water  tables 
or  outside  edge  of  the  metalling  and  be  gradually  extended  towards  the 
crown  of  the  road.  After  repeated  passages  of  the  roller,  and  when  the 
macadam  has  been  properly  ^et  or  interlocked,  binding  of  a  sandy  description 
may  be  applied  by  shovels,  care  being  taken  to  spread  it  evenly  over  the 
surface  of  the  metal  coating. 

The  rolling  is  continued  meanwhile  with  the  addition  of  an  artificial 
supply  of  water  and  brushing,  until  all  the  interstices  between  the  stones 
are  filled  up. 

Great  care  must  be  exercised  to  prevent  any  unnecessary  watering,  which, 
besides  doing  no  good  to  the  metalling,  might  penetrate  and  do  damage  to 
the  foundation  by  softening  the  natural  soil.  The  surface  is  finished  by 
applying  a  coating  of  screenings  from  the  stone-breaker  one-half  inch  thick, 
the  roller  passing  backwards  and  forwards  until  a  thoroughly  solid  and 
smooth  surface  is  obtained,  any  surplus  binding  being  swept  off  during  the 
final  stages  of  rolling. 

856.  Cost  of  BoUing  Road  Bottoming. — ^The  cost  of  steam-rolling  from 
6  to  12  inches  of  bottoming  and  filling  the  voids  with  sand,  assuming  the 
latter  has  been  obtained  within  a  reasonable  distance  of  the  work,  may  be 
put  down  at  3d.  or  4d.  per  ton  of  material  consolidated.  The  consolidation 
of  the  top  metalling  in  forming  new  roads  requires  a  considerably  longer 
time  than  does  that  of  a  coating  of  metal  spread  on  an  existing  road.  This 
may,  in  certain  circumstances,  amount  to  Is.  per  ton  of  metalling  consoli- 
dated, or  an  average  of  8d.  for  the  combined  operation  of  rolling  the  bottom- 
ing and  top  metal  when  these  quantities  are  of  equal  depth. 

Maintenance  of  Macadamized  Roads. — To  maintain  an  existing  road  in 
good  order  it  is  necessary  to  perform  the  work  either  by  annual  repairs  or  by 
applying  a  wide  and  continuous  coat  of  metalling  and  then  steam-rolling  it. 
Roads  repaired  by  the  latter  method,  depending  on  the  quantity  of  metalling 
applied,  may  wear  for  a  considerable  number  of  years  with  but  little 
attention, 

857.  Wear  on  Roads. — ^The  wear  of  the  macadam  composing  the  crust 
of  a  road  is  due  to  two  causes,  namely,  the  traffic  and  the  weather.  The 
amount  of  the  former,  and  the  wearing  effect  due  to  wet  weather  and  wheel 
traffic  determine  to  a  great  extent  the  quantity  of  material  necessary  for  the 
efficient  maintenance  of  th^  surface  of  a  road«  Frost  has  the  effect  of 
expanding  the  moisture  in  the  crust  of  a  road  in  proportion  to  the  amount 
of  soft  or  muddy  material  which  it  contains.    Alternating  frost  and  thaw. 
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vrhen  the  road  contains  a  higli  proportion  of  detritus  to  liard  material,  break 
up  and  in  many  cases  destroy  the  surface  of  roads,  even  when  the  thickness 
of  metalling  is  ample  to  sustain  the  heaviest  vehicular  traffic  in  ordinary 
<^ircumstances. 

Sir  J.  Macneill  estimated  the  wear  due  to  atmospheric  causes  at  20  per 
€ent.  of  the  total ;  while  of  the  80  per  cent,  due  to  traffic,  60  per  cent,  was 
caused  by  the  action  of  the  horses'  feet,  and  20  per  cent,  was  due  to  the 
wheels  of  fast  coaches.  In  the  case  of  heavy  or  waggon  traffic,  the  wear 
caused  by  the  feet  of  horses  was  stated  to  be  44^  per  cent.,  and  that  by  the 
wheels  35^  per  cent.  Any  obstruction  on,  or  irregularity  of,  a  road  surface 
increases  the  draught  considerably,  and  the  wear  or  injury  caused  by  the 
action  of  the  horses'  feet  is  augmented  accordingly. 

It  is  obvious  that  on  a  hard  smooth  surface  the  combined  wear  caused  by 
the  action  of  horses'  feet  and  the  wheels  of  vehicles,  especially  in  the  case  of 
beavy  loads,  is  comparatively  less  than  on  a  road  the  surface  of  which  is 
uneven  or  of  a  yielding  nature. 

858.  Bepairs  hy  Patching. — ^In  patching  a  road  the  quantity  of  metal- 
ling which  it  is  necessary  to  apply  each  year  will  have  to  be  determined  (as 
already  pointed  out)  by  the  amount  of  wheel  traffic  passing  over  it,  the 
quality  of  the  macadam  employed,  the  situation,  whether  shaded  or  open, 
And  the  facility  with  which  the  surface  and  subsoil  drainage  can  be 
'disposed  of. 

On  practically  level  roads  the  consumption  of  material  for  repairs,  com- 
pared with  a  similar  length  of  road  situated  on  a  gradient  of  1  in  80  or  1  in 
100  and  subjected  to  the  same  amount  of  traffic,  will  require  from  15  to  25 
per  cent,  more  material  to  maintain  the  surface  in  an  equally  good  condition. 
The  annual  wear  in  thickness  of  a  metal  coating  may^  vary  from  one-third  of 
an  inch  on  light  trafficked  roads  to  3  or  4  inches  on  roads  subjected  to  heavy 
and  continuous  traffic. 

It  is  difficult  to  measure  the  annual  wear,  as  the  depth  generally  given 
is  that  of  the  material  laid  in  a  loose  state  and  subsequently  consolidated  by 
wheel  traffic, 

859,  The  quantity  of  material  necessary  for  repairs  is  usually  stated  at 
fio  many  cubic  yards  or  tons  per  mile  of  road.  On  roads  over  which  the 
traffic  is  light  the  annual  quantity  of  macadam  necessary  for  repairs  may  not 
-exceed  20  cubic  yards  per  mile,  while  for  ordinary  country  main  roads  the 
average  consumption  of  material  may  be  taken  at  40  to  50  cubic  yards  per 
mile,  and  for  roads  situated  between  large  towns  the  annual  amount  of 
metalling  requi<)ite  to  keep  the  surface  in  good  repair  may  amount  to  200  or 
400  cubic  yards  per  mile.  In  the  vicinity  of  large  manufacturing  towns, 
however,  the  quantity  may  rise  to  700  and  even  to  1000  cubic  yards  per 
mile  per  annum. 

Yery  interesting  comparisons  could  be  made  of  the  wear  of  roads  under 
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different  circumstances  if  accurate  data  could  be  obtained  of  the  amount  of 
material  applied  in  repairs,  and  of  the  traffic  passing  over  a  given  length  in  a. 
given  time. 

To  add  still  further  to  the  difficulties  which  beset  this  subject,  the  nature 
of  the  subsoil  and  the  condition  of  the  drainage  have  to  be  taken  into  con- 
sideration, while  the  quality  of  the  material  employed  for  repairs  is  a  factor 
which  enters  largely  into  the  question. 

860.  To  exemplify  how  much  depends  on  the  quality  of  the  metalling 
made  use  of  for  repairs,  and,  consequently,  the  number  of  cubic  yards 
applied  on  each  mile  of  road  during  a  season,  the  following  may  be 
mentioned : — 

Previous  to  steam  road-rolling  being  introduced,  the  different  lengths  of 
roads  under  the  author's  jurisdiction  were  maintained  on  the  patching 
system  from  various  quarries,  the  material  from  the  nearest  local  source 
being  generally  employed. 

One  of  the  sections  of  road  referred  to,  although  in  very  good  condition, 
was  entailing  a  greater  cost  for  maintenance  per  mile  than  other  portions  of 
the  same  road  under  similar  conditions  as  to  traffic,  gradients,  and  exposure 
to  the  action  of  the  sun's  rays.  The  surface  and  subsoil  drainage  were 
examined,  but  as  they  were  found  to  be  in  good  order  the  cause  of  the  differ- 
ence had  to  be  sought  for  elsewhere.  The  amount  of  scraping  and  cleaning 
was  much  greater  in  proportion  to  that  on  the  adjoining  portions  of  the  road,, 
while  the  annual  consumption  of  metalling  was  relatively  much  higher. 
This  clearly  pointed  to  the  quality  of  the  macadam,  which  was  to  all  appear- 
ance of  a  suitable  nature,  but  did  not  give  equal  wearing  results  under 
traffic.  The  metal  of  which  this  particular  section  of  the  road  was  repaired 
cost  4s.  per  cubic  yard  deposited  in  dep6ts,  the  quarry  being  situated  withia 
an  easy  carting  distance. 

The  quarries  yielding  the  material  for  repairing  the  adjoining  sections 
of  the  road  were  situated  at  a  considerable  distance,  but  under  the  circum- 
stances it  was  considered  desirable  to  rearrange  the  source  of  supply  from 
which  the  metalling  for  the  portion  of  road  referred  to  should  be  obtained. 

To  supply  stones  from  the  other  quarries  involved  an  additional  cost,, 
principally  for  haulage,  the  average  price  being  5s.  6d.  per  cubic  yard^ 
The  quantity  of  metalling  applied  each  year  previous  to  this  was  150  cubic 
yards  per  mile,  which  meant  at  that  quantity  an  additional  annual  outlay  of 
£11,  5s.  for  road  metal  alone. 

It  was  observed,  however,  that  in  the  course  of  two  years  the  condition 
of  the  surface  of  the  road  was  such,  and  the  manual  labour  had  decreased  so 
greatly,  as  to  warrant  the  annual  amount  of  metalling  for  repairs  being 
reduced  by  50  cubic  yards  per  mile  of  road. 

It  is  obvious  that  by  the  judicious  application  of  a  durable  material, 
economy  in  the  cost  of  maintenance  is  ultimately  attained,  while  the  condi- 
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tion  of  a  road  is  improyed,  and  the  tractive  effort  (»f  horses  reduced.  The 
4ictual  cost  of  maiDtenance,  including  labour,  in  the  case  mentioned  was, 
by  substituting  a  better  quality  of  macadam,  reduced  by  £5  per  mile,  which 
«t  first  sight  does  not  appear  a  great  saving,  but,  assuming  the  principle  to 
be  applicable  to  many  miles  of  roads,  under  similar  conditions  to  those  in 
the  one  pointed  out,  the  annual  expenditure  might,  in  many  instances,  be 
•considerably  reduced. 

For  this  reason  and  many  olhera,  and  with  a  view  to  efficient  labour  and 
attention  to  drainage,  comparisons  should  be  made  of  the  annual  expenditure 
on  different  sections  of  roads  similarly  situated,  so  that  when  excessive 
differences  arise,  the  whole  expenditure  may  be  analysed  in  detail,  and  the 
causes  of  the  apparent  discrepancies  ascertained. 

861.  Cost  of  Maintaining  Boads. — The  annual  cost  of  maintenance  per 
mile  of  roads,  like  the  quantity  of  metalling  applied,  is  a  very  variable  figure, 
and  depends  on  the  amount  of  wheel  traffic,  the  quantity  and  quality  of  the 
material  employed  for  repairs,  the  distance  of  the  source  from  which  it  is 
obtained,  the  situation  of  the  roads  being  open,  and  with  favourable  gradients 
for  efficient  drainage  or  otherwise,  and  the  cost  of  labour  in  the  particular 
district. 

A  road  repaired  with  suitable  material  on  a  well-drained  subsoil,  exposed 
to  the  action  of  the  sun  and  air,  and  over  which  there  is  a  moderate 
amount  of  traffic,  may  be  maintained  for  a  trifling  sum  for  each  mile  per 
annum.  On  main  roads,  however,  where  the  wheel  traffic  is  much  heavier, 
the  annual  cost  for  maintenance  may  vary  from  £20  to  £70  per  mile,  while 
on  suburban  roads  and  those  situated  between  large  cities,  the  cost  per  mile 
may  range  from  the  latter  figure  to  £200  or  £300  per  annum. 

862.  It  is  stated,  on  the  authority  of  Mr.  Browse,  that  in  1856  the  cost 
of  the  yearly  maintenance  of  the  road  over  Westminster  Bridge  (which, 
isince  that  time,  has  been  paved  with  causeway  setts,  and  is  now  laid  with 
wood  blocks)  was  at  the  rate  of  £3300  per  mile,  the  average  wear  of  the 
granite  macadam  being  5^  inches.  Other  figures  give  the  annual  cost  of 
maintaining  macadamized  roads  on  some  of  the  streets  in  London  noted  for 
their  incessant  and  exceedingly  heavy  traffic,  which  have  since  been  paved 
with  setts  or  wood  blocks,  at  28.  9d.  to  3s.  6d.  per  square  yard.  It  is,  how- 
over,  necessary  to  bear  in  mind  that  the  cost  of  granite  metalling  (Guernsey) 
is  14s.  to  18s.  per  ton  delivered  in  London. 

868.  Belative  Proportion  of  the  Combined  Cost  of  Maintenance. — ^The 
relative  proportion  of  the  outlay  on  manual  labour  and  materials  to  the  com- 
bined cost  of  maintenance  will  vary  according  to  the  requirements  of  a  road 
and  the  price  which  is  paid  for  the  macadam,  the  distance  hauled  being  an 
important  factor  in  the  case. 

On  light-trafficked  roads  the  cost  of  manual  labour  will  be  increased  in 
proportion  as  the  amount  of  material  applied  becomes  less.    In  the  case  of 
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these  the  cost  of  manual  labour  rauges  from  40  to  50  per  cent,  of  the  com«^ 
bined  expenditure,  while  the  proportion,  when  the  quantity  of  material 
employed  each  year  is  from  100  to  200  cubic  yards  per  mile,  procured  at  an 
average  cost,  may  be  only  25  to  30  per  cent,  of  the  combined  cost. 

In  the  case  of  some  of  the  busy  thoroughfares  in  London,  where  th& 
quantity  of  metalling  applied  on  the  roads  each  year  exceeded  500  cubic 
yards,  and  the  annual  expenditure  was  about  £400  per  mile,  the  propor- 
tion  of  labour  probably  did  not  exceed  18  per  cent,  of  the  combined 
cost. 

It  may  be  observed  that  on  country  roads  the  average  cost  of  mainte- 
nance varies  considerably.  Many  roads  or  sections  of  a  length  of  road  ar& 
kept  in  good  order  for  £7  per  mile  per  annum,  while  on  roads  over  which  a 
heavy  wheel  traffic  passes,  the  yearly  expenditure  for  maintenance  on  short 
lengths  may  cost  £100,  £200,  or  even  £300  per  mile. 

864.  Methods  of  Bepairing  Eoads.— The  repairing  of  the  surface  of 
roads  may  be  carried  out  either  by  placing  new  materials  in  thin  coats  and 
small  patches  year  by  year,  known  as  the  *  patching '  system,  or  by  spread- 
ing a  coat  of  metalling  of  varying  thickness,  according  to  requirements,  and 
consolidating  the  material  by  steam  rolling. 

In  the  former  case  the  loss  by  wear  caused  by  the  wheel  traffic  and 
weather  is  replaced  annually.  In  practice  it  is  found  that  the  wear  and 
the  thickness  of  the  material  composing  the  crust  of  a  road  are  very 
irregular,  consequently  it  often  happens  that  under  certain  circumstances- 
portions  of  a  road  are  coated  more  Ifrequently  than  others  which  are  more 
favourably  situated. 

The  new  materials  should  be  spread  on  the  parts  of  a  road  which  requires 
them,  namely,  in  hollows  or  depressed  and  weak  places,  with  a  view  to 
making  the  most  frequently  traversed  portion  of  the  road  as  far  as  practi- 
cable of  uniform  strength.  The  number  of  years  which  will  elapse  before 
the  whole  wearing  surface  of  a  road  will  be  covered,  assuming  it  to  be  of  a 
nearly  uniform  strength  throughout,  will  depend  chiefly  on  the  amount  of 
vehicular  traffic  passing  over  it,  and  the  quality  of  the  metalling  employed*. 
The  number  of  cubic  yards,  therefore,  which  it  is  necessary  to  spread  over  the 
surface  in  patches  on  a  stretch  of  one  mile  of  road  each  year  in  order  to- 
keep  it  in  proper  condition,  will  depend  on  the  requirements  of  each 
particular  case. 

365.  A  cubic  yard  of  ordinary  unscreened  hand-broken  macadam,  from 
I  inch  to  2 J  inches  in  size,  will,  if  carefully  spread,  cover  about  28  to  30 
square  yards  of  road  surface  one  stone  thick.  If  the  material  is  screened  to 
a  size  similar  to  that  passing  from  a  breaking  machine,  the  area  which  one 
cubic  yard  will  cover,  the  stones  just  touching  each  other,  only  amounts  to^ 
24  or  26  square  yards.  In  the  event  of  the  macadam  being  packed  close,  aa 
is  usually  the  case  when  it  is  spread  in  connection  with  rolling  operations,  th[» 
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area  covered  will  not  exceed  16  square  yards,  while  1  ton  of  2J-inch  screened 
macadam  covers  about  13  square  yards. 

From  these  figures  can  be  ascertained  the  number  of  square  yards  of 
surface  which  can  be  covered  when  the  quantity  of  material  which  is  allo^ 
cated  to  each  mile  of  road  is  known«  Thus  on  a  road  15  feet  wide,  with  an 
annual  supply  equal  to  175  cubic  yards  of  macadam  per  mile,  each  part  of 
the  road  would  be  coated  once  every  two  years.  Taking  the  quantity  of 
metalling  at  40  cubic  yards  per  mile  per  annum  with  the  same  width  of 
road,  it  would  take  a  period  of  nearly  nine  years  before  the  whole  surface 
could  be  coated.  On  a  roadway  30  feet  wide,  the  whole  surface  would  be 
covered  every  two  years  with  a  quantity  of  350  cubic  yards  per  year  per 
mile,  or  every  four  years  with  an  annual  supply  of  175  cubic  yards  per  mile. 

It  is  evident  that  certain  parts  of  a  road  must  undergo  wear  for  many 
years  without  needing  to  be  coated,  while  it  is  obvious  that  certain  parts  of 
the  roads  repaired  by  patching  must  necessarily  be  less  strong  than  other 
portions.  The  road  may  be  able  to  withstand  the  ordinary  traffic,  but  in 
the  event  of  excessive  or  exceptionally  heavy  traffic  coming  upon  it,  combined 
with  bad  weather,  the  crust  of  the  road,  especially  where  the  next  annual 
coating  of  metal  will  in  all  probability  be  spread,  would  suffer  owing  to  its 
weak  state  of  repair.  Heavy  weights  traversing  a  road,  irrespective  of  its 
strength  to  bear  them,  will  cause  considerable  damage,  and  in  all  probability 
reconstruction  may  be  necessary  at  places. 

In  applying  small  coatings  of  metal,  it  is  usual  to  spread  a  patch  alter 
nately  on  either  side  of  the  crown  of  the  road,  and,  when  necessary,  on  the 
centre,  leaving  a  sufficiently  clear  space  between  the  coatings  so  as  to  '  force ' 
the  vehicular  traffic  to  follow  a  winding  track,  while  the  horses'  feet  can 
avoid  coming  in  contact  with  the  stones.  This  means  of  consolidating  the 
freshly  laid  metalling  is  naturally  avoided  where  possible  by  those  using  the 
loads,  so  that  the  remainder  of  the  road  surface  will  receive  an  undue  share 
of  the  traffic,  with  the  result  that  considerable  wear  is  caused  in  places 
least  able  to  bear  it.  By  exercising  care  in  the  spreading  of  the  metalling, 
which  is  to  be  worked  in  by  the  wheels  of  vehicles,  and  attention  to  the 
patches  during  the  process  of  consolidation,  great  annoyance  and  incon- 
venience to  those  using  the  roads  may  be  avoided ;  while  the  damage  to 
horses  and  vehicles,  resulting  from  this  cause,  may  be  reduced  considerably. 

The  patches  of  macadam  which  are  to  be  consolidated  by  wheel  traffic 
should  not  exceed  4  to  5  yards  in  length,  and  from  1^  to  2  yards  in  width. 
In  order  to  ensure  the  gradual  working  in  of  the  metalling  by  the  wheels  of 
vehicles,  it  is  desirable  to  spread  a  quantity  of  the  small  material  round  tlie 
edges  of  the  metal  patch.  This  will  enable  the  wheels  of  vehicles  to  work 
gradually  from  the  sides  to  the  centre  of  the  patch. 

The  practice  of  stocking  the  surface  or  loosening  the  old  material  with 
picks  where  the  new  macadam  is  to  be  applied  is  seldom  resorted  to. 
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Oenerally  the  weather  prevailing  daring  the  winter  months  in  this  country 
presents  but  little  difficulty  to  the  process  of  incorporating  the  new  metalling 
with  the  old  surface  by  the  ordinary  wheel  traffic,  although  the  time  occupied 
in  consolidating  th«  macadam  may  vary  from  two  to  five  months. 

366.  Time  of  Tear  when  Bepairs  should  be  carried  out. — The  precise 
time  at  which  to  commence  applying  the  road  metal  will  depend  upon  the 
climate,  weather,  the  nature  and  strength  of  the  road,  and  the  class  of 
material  employed.  The  autumn  and  early  winter,  provided  the  surface  is 
in  a  slightly  soft  condition,  is  generally  the  season  for  applying  the  bulk  of 
the  macadam.  On  many  roads  fully  75  per  cent  of  the  material  is  spread 
at  the  first  operation,  while  on  some  roads,  especially  those  over  which  there 
is  a  heavy  traffic,  only  about  50  per  cent,  of  the  total  quantity  is  applied  in 
the  first  instance.  In  the  latter  case,  and  after  the  first  coat  of  metalling  is 
well  set,  a  further  quantity,  amounting  to  about  25  per  cent.,  is  applied 
generally  in  the  month  of  January,  the  remaining  25  per  cent,  of  the 
total  quantity  of  macadam,  which  is  usually  of  a  small  size,  being  spread 
in  either  case  about  the  middle  of  February  or  beginning  of  March ;  this 
is  known  as  *  spring  patching.' 

Should  the  rainfall  during  this  time  of  the  year  be  under  the  average,  or 
otherwise  dry,  the  vexed  question  of  using  a  binding  material  will  present 
itself. 

Under  normal  conditions  of  rainfall,  the  amount  of  material  for  repairs 
necessary  to  be  applied  so  as  to  keep  a  road  in  good  condition  will,  apart 
from  the  amount  of  wheel  traffic,  be  greatly  affected  by  the  weather. 
When  the  quantity  of  macadam  used  per  mile  of  road  per  annum  is  deter* 
mined  in  relation  to  the  position  the  road  occupies,  the  amount  of  wheel 
traffic  which  in  ordinary  circumstances  traverses  it,  aud  the  average  rainfall, 
there  should  be  little  difficulty,  by  judicious  management,  in  having 
all  the  coatings  thoroughly  set  by  the  beginning  of  April  each  year. 
During  a  dry  season,  however,  although  the  surface  of  the  road  was  in 
suitable  order  when  the  metalling  was  applied,  a  binding  of  some  kind  is 
necessary  to  retain  the  stones  in  position,  if  not  also  to  aid  the  consolidation 
of  the  coatings.  Binding,  or  rather  '  blinding,'  should  not  be  spread  over 
macadam  lying  in  a  loose  open  state,  otherwise  the  surface  will  become 
rough,  and  the  ultimate  wearing  capacity  of  the  coating  be  greatly  reduced^ 
Generally  speaking,  binding  should  not  be  applied  to  the  metalling  unless 
the  coatings  are  partially  set  or  consolidated,  and  then  only  during  the  spring 
months,  in  order  to  give  a  smooth  surface,  and  preserve  the  macadam  from 
being  crushed ;  but  it  may  be  absolutely  necessary  to  apply  it  owing  to  the 
absence  of  moisture  to  effect  this  properly. 

867.  The  practice  of  using  blocks  or  trestles  to  force  the  wheels  of 
vehicles  on  to  the  metal  patches  is  a  primitive  method  of  aiding  in  effecting 
consolidation,  but  one  which,  under  adverse  circumstances,  is  inseparably 
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from  the  mode  of  repairing  roads  by  means  of  spreading  isolated  patches  of 
macadam  on  them.  The  use  of  these  should  be  restricted  as  much  as  pos- 
sible, and  resorted  to  only  when  damage  is  likely  to  occur  by  reason  of  the 
vehicular  traffic  running  in  one  track  after  the  supply  of  metalling  is  exhausted. 

368.  Composition  of  the  Crust  of  a  Boad. — The  composition  of  the 
•crust  of  a  road  that  has  been  repaired  by  a  system  of  patching  is  made  up  of 
A  high  proportion  of  detritus  in  combination  with  the  metalling  forming  the 
wearing  surface. 

Experiments  have  been  made  to  ascertain  the  composition  of  traffic-con- 
solidated road  surfaces  or  the  proportion  of  solid  material  to  that  of  voids  or 
spaces  filled  with  small  stuff  or  muddy  cementing  materiaL 

Observations  on  metalling  broken  by  hand  to  pass  through  a  2^inch 
ring  show  the  average  proportion  of  solid  to  void  to  be  56  per  cent,  and 
44  per  cent,  respectively. 

During  the  process  of  consolidation  by  the  wheels  of  vehicles,  a  consider- 
able amount  of  the  material  is  reduced  to  dust  and  small  chippings.  This 
waste,  brought  about  by  abrasion,  is  estimated  by  some  authorities  at  30  per 
•cent.;  to  a  certain  extent  it  assists  in  filling  the  voids  of  the  macadam, 
snd  in  the  consolidation  of  the  coating.  The  greater  portion  of  this  waste 
is,  however,  scraped  off  the  road  in  the  form  of  mud. 

If  a  portion  of  a  well-kept  wheel  traffic  made  road,  repaired  with  hard 
whinstone  or  basalt,  be  taken  up,  and  the  component  parts  of  the  sample 
separated  so  as  to  exclude  all  material  which  will  pass  through  a  half-inch 
riddle,  a  size  that  may  be  fairly  considered  as  exhausted  macadam,  it  will  be 
found  to  contain  on  an  average  56  per  cent,  of  solid  and  44  per  cent,  of  void 
•detritus. 

This  proportion,  it  may  be  observed,  is  similar  to  that  of  the  original 
metalling. 

869.  Mr.  Codrington,  when  acting  as  Superintendent  of  the  County 
Boads  in  South  Wales,  carried  out  many  experiments  in  connection  with  the 
^composition  of  road  coatings  on  roads  repaired  with  different  kinds  of 
material.*  The  average  results  he  obtained  show  that  39  per  cent,  of  the 
material  composing  the  constituent  parts  of  the  crust  was  made  up  of  stones 
over  |ths  of  an  inch  in  size,  44  per  cent,  of  small  stuff  from  less  than  |ths  to 
^^^th  of  an  inch,  while  17  per  cent,  consisted  of  detritus  or  mud.  This  is 
practically  equal  to  39  per  cent,  of  solid  or  serviceable  material  and  61  per 
•cent,  of  void  or  small  exhausted  macadam  and  mud,  although  in  some  cases 
the  proportion  of  solid  to  void  was  nearly  equal.  The  material  was  origin- 
ally 2^  and  2^inch  metalling,  but  was  principally  composed  of  mountain 
Jimestone. 

He  also  states  that  specimens  of  consolidated  limestone  roads  weigh  from 

*  The  Maintenance  of  Macadamized  Roads,  by  Thomas  Codrington,  second  edition, 
1892,  pp.  64  and  65. 
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161  to  163J  lbs.  per  cubic  foot,  when  the  limestone  of  which  they  ara 
repaired  weighs  171^  to  172  lbs.  per  cubic  foot,  the  consolidated  road  being 
thus  93^  to  95^  per  cent,  of  an  equal  bulk  of  solid  stone.  The  same  pro* 
portion  was  found  to  prevail  on  consolidated  road  surfaces  composed  of 
metalliDg  prepared  from  igneous  rocks. 

870.  When  the  metal  coatings  of  roads  contain  a  large  proportion  of  mud 
and  small-sized  stones,  such  roads  will  not  be  capable  of  withstanding  the 
wear  occasioned  by  the  passage  of  heavy  traffic  during  wet  weather,  or  when 
the  crust  of  the  road  is  in  a  soft  state.  Alternations  of  frost  and  thaw  in 
such  roads  will  likewise  destroy  the  coating  and  reduce  the  better  portions  of 
the  metalling  quickly  to  detritus,  more  readily  than  in  a  road  the  constituent 
parts  of  which  are  mainly  composed  of  serviceable  material.  Under  the  latter 
conditions,  and  with  efficient  surface  and  subsoil  drainage,  these  atmospheric 
influences  have  but  little  damaging  effect. 

The  inconvenience  experienced,  and  the  great  waste  of  material  insepa* 
rable  from  the  old  method  of  repairing  roads  by  patching,  however  well 
carried  out,  cannot  be  compared  with  an  efficient  system  of  steam  rolling,, 
and  this  mode  of  repairing  roads  will  now  be  described  in  detail. 

871.  Steam  Boiling  as  applied  to  Bepairing  Boads. — In  many  coun> 
tries  the  methods  practised  in  obtaining  the  material,  the  subsequent  meana 
adopted  in  reducing  the  rock  to  macadam,  and  steam  rolling,  are  carried  out 
on  thoroughly  scientific  principles.  Apart  from  the  great  advantages  to 
those  using  the  roads,  and  which  are  of  primary  importance  to  owners  of 
horses,  a  considerable  economy  in  the  maintenance  of  the  roads,  compared 
with  the  old  system  of  performing  the  work,  can  be  shown  to  result  from  the 
employment  of  an  efficiently  equipped  road  maintenance  plant 

The  construction  of  the  steam  roller  has  been  already  described,  and  no 
matter  what  the  weight  of  the  engine  employed  to  perform  the  work  of  con- 
solidating the  metalling  may  be,  the  method  is  precisely  the  same,  although 
the  cost  of  rolling  will  be  somewhat  higher  when  rollers  of  the  light  class  are 
made  use  of. 

A  system  of  rolling  practised  in  some  of  the  counties  in  this  country  ia 
that  of  consolidating  the  metal  patches  which  were  formerly  allowed  to  be 
worked  in  by  the  ordinary  wheel  traffic. 

The  area  to  be  covered  is  generally  loosened  by  means  of  hand  picks,  or 
by  a  scarifier,  previous  to  the  new  metalling  being  applied.  In  most  cases^ 
however,  the  edges  of  the  worn-out  parts  to  be  renewed  are  only  loosened,  so 
that  the  macadam  forming  the  outside  of  the  patches  will  not  be  crushed  by 
the  roller  wheels  during  the  process  of  consolidation. 

If  the  surface  of  a  road  contains  a  considerable  amount  of  detritus  or  ia 
previously  softened  by  artificial  watering,  the  macadam,  which  can  only  be 
spread  one  stone  thick  in  this  method  of  repairing,  may  be  consolidated 
without  much  damage  being  done  to  the  metalling.     Under  ordinary  circum* 
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stances,  however,  the  portions  of  the  road  to  be  repaired  should  be  picked  or 
scarified,  otherwise  the  macadam  will  be,  to  a  great  extent,  pulverized  by 
being  placed  between  two  hard  substances,  namely,  the  surface  of  the  road 
and  the  roller  wheels.  In  rolling  patches  of  metalling  it  is  necessary  to 
sprinkle  water  over  the  surface  to  aid  consolidation,  the  detritas  in  the  old 
macadam  being  generally  sufficient  to  form  a  binding  for  the  new  coating. 
This  is  swept  over  the  surface ;  then,  by  repeated  passages  of  the  roller  with 
occasional  watering,  all  the  interstices  of  the  stones  are  filled  up  and  the 
surface  is  made  perfectly  hard  and  smooth. 

This  method  of  improving  the  surface  of  roads  is  undoubtedly  a  very 
decided  advance  on  the  barbarous  system  of  consolidating  the  macadam 
by  the  wheel  traffic  formerly  resorted  to,  and  which,  unfortunately,  is  still 
in  operation  in  many  districts  at  the  present  time.  It  must  be  admitted  as 
a  general  principle,  however,  that  when  rolling  patches  of  metalling,  the  whole 
width  of  the  roller  wheels  cannot  be  brought  into  use  simultaneously  or 
continuously.  For  very  small  repairs,  or  on  roads  which  have  been  rolled 
and  are  slightly  out  of  repair  at  places,  the  process  of  mechanical  scarifying, 
applying  a  small  quantity  of  fresh  materials,  and  rolling,  improves  a  road 
surface  considerably,  and  it  may  thus  be  made  nearly  equal  in  durability  and 
appearance  to  a  road  which  has  been  coated  and  consolidated. 

872.  Bolliiig  Fatchwork.~The  following  is  an  instance,  and  the  re- 
marks are  applicable  to  a  greater  or  less  extent  in  rolling  all  metal  patches. 

When  a  patch  of  metalling,  3,  4,  or  5  feet  in  width,  has  to  be  consoli- 
dated, the  effect  of  rolling  is  such  that  a  part  of  the  breadth  of  the  engine 
wheels  overlaps  the  metal  patch,  consequently  that  part  is  doing  no  actual 
work  so  far  as  consolidating  the  new  coating  of  metal  is  concerned.  It  has 
been  already  stated  that  the. rolling  width  of  a  15-ton  roller  is  7^  feet, 
while  in  one  of  12  tons  weight  it  is  6 J  feet  j  hence,  to  obtain  the  advan- 
tage of  the  full  effective  width  of  a  roller  the  breadth  of  the  metal  patch 
would  require  to  be  increased  accordingly.  This,  in  effect,  means'  adapting 
the  extent  of  repairs  to  the  rolling  width  of  the  engine,  irrespective  of  the 
actual  necessities  of  the  road.  Assuming,  then,  that  this  has  been  satisfac- 
torily arranged,  the  length  of  the  metal  coating  has  to  be  considered,  and  it 
may  happen  that  by  this  system  of  working  the  new  material  is  spread  with 
but  little  space  between  the  patches,  which  will  admit  of  the  maximum  amount 
of  surface  area  of  metalling  being  rolled.  It  is  obvious,  nevertheless,  that  as- 
the  roller  commences  work  clear  of  the  metal  patch,  or  on  the  old  portion  of 
the  road  (a  process  which  is  repeated  each  turn  the  engine  makes),  and  alsa 
overlaps  the  width,  a  considerable  amount  of  the  benefit  of  rolling  is  wasted 
on  the  portion  of  a  road  which  is  probably  in  excellent  order.  In  other 
words,  the  cost  of  rolling  patches  of  metalling  is  considerably  greater  than 
when  continuous  coatings  are  spread  to  the  full  width. 

The  author  has  found  from  experience  that  30  cubic  yards  of  metalling 
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«pread  in  isolated  patches  can  be  consolidated  during  the  aatomn  and  winter 
months  with  a  15-ton  roller. 

878.  Cost  of  BoUing  Patches  of  Metalling.— The  cost  of  rolling  thin 
coatings  of  metaUing  applied  on  the  patching  system,  including  sweeping, 
horse,  and  water  tank,  but  exclusive  of  spreading  the  macadam,  is  8d.  per 
cubic  yard.  It  is  necessary  to  add,  however,  that  in  some  cases  many  of  the 
patches  were  partially  consolidated  by  the  wheel  traffic  previous  to  the  work 
being  undertaken  by  the  roller. 

The  County  Surveyor  of  Nottingham*  has  carried  out  the  patching 
system  of  repairing  road  and  steam  rolling  on  an  extensive  scale  for  some 
years  past  with  good  results. 

He  uses  12-ton  rollers,  and  the  average  cost  of  consolidating  the  metal- 
ling, including  small  repairs  to  the  plant,  is  9d.  per  ton.  This  is  an  average 
for  working  all  the  year  round,  the  operations  being  carried  on  during  the 
summer  months  on  the  roads  which  are  nearest  the  best  supply  of  water. 

This  system  is  mostly  followed  where  limited  quantities  of  metalling  are 
applied  annually,  and  especially  when  the  cost  of  the  broken  stones  reaches 
a  high  figure,  the  object  being  to  obtain  a  smooth  surface,  but  so  treated 
a  road  would,  of  course,  not  have  a  reserve  of  strength  capable  of  withstand- 
ing fluctuations  of  traffic. 

The  quantity  of  material  spread  in  patches  which  can  be  consolidated  by 
the  roller  each  day  under  ordinary  circumstances  is  on  an  average  30  tons ; 
in  many  instances,  however,  20  tons  may  be  considered  good  work,  especi- 
ally where  the  exigencies  of  the  passing  traffic  necessitate  frequent  stoppages 
during  the  operations. 

874.  Boiling  ContinuonB  Coatings  of  Metalling. — For  the  reasons 
given,  and  because  of  the  time  lost  by  the  roller  travelling  to  distant  parts  of 
a  district  repeatedly  year  after  year,  the  author  prefers  to  consolidate  coatings 
of  metal  in  long  stretches  spread  to  the  necessary  width,  as  the  experience 
gained  in  carrying  out  the  two  systems  clearly  shows  that  in  that  here  referred 
to  there  is  greater  economy  in  working  expenses  as  well  as  increased  efficiency. 

The  roads  are  also  more  uniform  in  strength,  while  a  more  regular  wear- 
ing and  durable  surface  is  obtained  by  a  system  of  continuous  coatings  with 
consolidation  by  steam  rolling. 

The  additional  quantity  of  metalling  necessary  to  keep  a  roller  constantly 
at  work  in  some  districts  might,  at  first  sight,  be  considered  a  serious  obstacle  to 
the  introduction  of  road-rollers  on  economical  grounds  alone.  No  doubt  this 
would  be  the  case  if,  in  addition  to  the  annual  quantity  usually  allocated  for 
patching  purposes,  a  great  amount  of  metalling  were  supplied  to  coat  long 
etretches,  or  otherwise  to  ensure  the  roller  being  continually  employed. 

875.  By  adopting  a  graduated  system,  however,  so  that  certain  roads, 

*  A  Paper  road  before  the  Incorporated  Association  of  Municipal  and  County 
Engineers,  vol.  xxii.,  on  '  Steam  Rolling,'  by  £.  Purnell  Hooley. 


CONSTRUCTION  AND   MAINTENANCE   OF   ROADS.  269 

to  be  rolled  in  the  course  of  a  period  of  three  or  four  years,  may  be  arranged 
for  in  advance  and  added  to  as  the  work  proceeds  year  by  year,  the  previous 
annual  quantities  of  material  applied  to  these  roads  can,  by  judicious- 
management,  be  reduced  considerably  in  view  of  a  thorough  repair  being 
undertaken  within  a  limited  period  of  time. 

In  working  out  this  system  of  concentrating  the  metalling,  due  con- 
sideration must  be  given  to  the  requirements  of  particular  roads  and 
certain  sections  of  a  road,  where  circumstances  indicate  that  attention  and 
the  application  of  macadam  are  necessary  to  prevent  the  crust  of  the  road 
becoming  destroyed.  It  is  advisable,  not  only  when  rollers  are  being 
introduced  for  the  first  time,  but  as  rolling  operations  are  extended,  to 
prepare  a  list  of  those  roads  which  it  may  be  considered  necessary  to  under- 
take in  the  first  instance,  and  those  to  be  dealt  with  later  in  rotation. 

876.  The  roads,  extending  probably  many  miles,  which  it  is  intended  to- 
roll  during  the  season  following  the  previous  year's  supply  of  metalling, 
should  be  repaired  by  only  employing  the  quantity  of  material  that  is  just 
sufficient  to  maintain  a  fairly  good  surface  without  allowing  the  road  coating 
to  become  tracked. 

By  this  means,  and  when  the  following  year's  supply  is  prepared,  a 
quantity  of  macadam  nearly  equal  to  two  years'  ordinary  allocation  is  thus 
reserved  until  the  rolling  operations  are  commenced.  This  arrangement 
may  be  extended  so  that  a  three  or  four  years'  supply  may  be  applied  and 
rolled  on  any  particular  road. 

As  a  means  to  an  end,  this  is  the  only  method  which  can  be  followed,, 
unless  larger  quantities  of  material  can  be  procured  at  a  cheaper  rate. 
Methods  have  been  described  in  the  chapters  on  Quarrying  and  Stone- 
breaking,  by  which  material  can  be  procured  at  a  small  cost. 

Undoubtedly  a  country  road  can,  by  careful  attention,  be  kept  in  good 
repair  with  a  small  quantity  of  material  for  a  limited  period  of  time,  and  by 
allocating  a  quantity  of  macadam,  to  be  applied  only  when  the  road  shows 
signs  of  giving  way,  a  large  amount  of  metalling  may  be  reserved  and  con- 
centrated on  roads  where  found  necessary  in  connection  with  rolling  opera- 
tions. Adverse  weather  in  the  form  of  alternating  frost  and  thaw,  will  no- 
doubt  injuriously  affect  certain  portions  of  the  road  surface,  but  apart  from 
a  trifling  expenditure  in  labour  to  remedy  this,  the  weak  spots  can  be 
specially  treated  previous  to  or  at  the  same  time  as  the  general  repairs  are 
effected. 

It  has  already  been  shown  that  under  the  old  system  of  repairing  roads 
by  patching  and  consolidating  the  coatings  by  wheel  traffic,  a  layer  of 
macadam  one  stone  thick  serves  to  bear  the  ordinary  traffic  without  failure 
of  the  road  surface  for  a  considerable  number  of  years.  Any  reduction, 
therefore,  of  the  annual  quantity  of  metalling  applied,  as  a  temporary 
measure,  will  not  materially  affect  the  strength   of  the  road  for  a  time^ 
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Experience  shows  that  by  judiciously  arranging  the  annual  allocation  of 
material  for  repairs,  the  actual  quantity  previously  used  can  be  reduced  by 
75  per  cent.,  when  rolling  operations  are  to  be  undertaken  the  following  season, 
and  50  per  cent,  in  the  case  of  roads  which  are  to  be  rolled  the  second  year.  On 
these  roads  which  are  to  have  attention  during  the  third  season,  a  quantity  of 
metalling  amounting  to  a  25  per  cent,  reduction  on  the  former  quantity  applied 
will  be  sufficient  for  ordinary  repairs.  It  is  obvious  that  by  this  method 
of  reducing  the  quantity  of  road  metal,  in  advance  and  in  regular  rotation, 
a  sufficient  supply  of  material  will  be  provided  to  keep  the  roller  employed 
in  consolidating  either  large  patches  of  metalling,  or  wide  continuous  coat- 
ings. It  may  be  well  to  state  here  that  a  reduction  in  the  quantity  of  metal- 
ling used,  when  spread  in  continuous  stretches  and  rolled,  will  give  a  saving 
of  about  25  per  cent,  of  the  total  amount  formerly  applied  in  patching 
which  was  consolidated  by  vehicular  traffic. 

877.  If  the  macadam  used  for  repairs  is  hand-broken,  it  can  be  stored 
in  depdts  or  brought  direct  from  the  source  of  production  to  the  road 
under  repair,  care  being  exercised  to  avoid  unnecessary  haulage,  which, 
besides  entailing  extra  cost,  does  not  add  in  any  way  to  the  efficiency  of  the 
work. 

It  happens  at  times  in  some  counties  that  a  supply  of  suitable  material 
cannot  be  obtained  in  the  immediate  neighbourhood  of  the  roads  to  be 
repaired.  This  may  necessitate  the  metalling  being  brought  from  a  con- 
siderable distance,  even  from  points  beyond  the  limits  of  the  county  where 
the  operations  are  to  be  carried  out.  In  such  circumstances  the  cost  of 
maintaining  the  roads  is  considerably  increased,  owing  to  the  high  rate  paid 
for  haulage  by  rail  or  otherwise,  which  often  amounts  to  three  or  four 
times  the  initial  cost  of  the  macadam  at  the  source  of  production. 

878.  Example  of  the  Methods  adopted  in  Arrangmg  for  BoUing  Opera- 
tions.— ^Where  quarries  exiBt,  the  rock  of  which  is  suitable  for  producing 
road  metal,  and  are  so  conveniently  situated  in  relation  to  the  road  where 
the  repairs  are  to  be  made  that  the  material  can  be  conveyed  by  carts  or  by 
engines  and  traction  wagons,  the  following  method  of  arranging  the  work  is 
usually  adopted. 

The  fixing  of  the  portable  stone-breaking  machine  and  all  the  other 
accessories  being  arranged  as  described  in  Chapter  YI.,  the  points  on  the 
road  at  which  the  supply  of  metalling  should  commence  and  terminate  from 
the  dififerent  quarries  may  best  be  illustrated  by  giving  an  example  taken 
from  actual  practice. 

A  road,  A  B,  fig.  120,  extending  to  5  miles,  was  repaired  by  a  con- 
tinuous coating  of  metal,  the  width  ranging  from  14  to  18  feet,  while  the 
depth  of  the  macadam  varied  from  one  stone  thick  to  4  inches.  The  section 
A  d,  of  the  main  road  A  B,  had  been  previously  maintained  with  material 
of  a  hard  and  tough  nature,  over  which  a  heavy  traffic  passed.     The  surface 
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of  the  road  was  considerably  worn,  which  necessitated  a  coat  of  metalling 
4  inches  thick  being  applied. 

The  section  d  e  was  repaired  with  the  same  material  as  the  previous 
section,  but  the  traffic  passing  over  it  was  of  a  moderate  description ;  the 
repairs  being  effected  by  scarifying  the  old  surface,  bringing  it  into  proper 
contour,  aud  applying  a  coat  of  metalling  one  stone  thick.  The  section 
•6  B,  the  wheel  traffic  over  which  is  considerable,  was  maintained  with  a 
material  of  a  highly  siliceous  nature,  while  the  surface  had  become  badly 
cupped,  necessitating  the  coating  being  scarified  and  the  old  material  screened 
to  remove  the  high  percentage  of  small  or  exhausted  material. 

This  small  stuff  was  laid  aside  and  used  afterwards  for  binding  the  new 
metal  coating,  the  thickness  to  which  the  macadam  was  laid  being  3  inches 
between  e/,  and  4  inches  between/ B. 

The  quarries  from  which  the  metalling  was  taken  are  marked  a,  &,  c  in 
%  120. 

In  deciding  from  which  of  the  two  quarries  a  and  h  the  material  should 
be  taken  for  repairing  the  portion  of  the  section  from  A  towards  d,  tbe 
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Fio.  120. — ^Plan  showing  how  to  economize  haulage  from  quarries  to  main  road. 

rock  being  of  equal  quality,  the  relative  distances  and  the  probable  expense 
4)f  working  had  to  be  taken  into  consideration. 

The  conditions  as  regards  the  access  to,  and  the  service  roads  leading 
from  both  quarries  were  very  much  alike,  consequently  the  cost  of  haulage 
per  ton-mile  did  not  enter  into  the  question. 

The  point  to  be  decided  was  the  distance  from  the  points  a  and  b  to  the 
commencement  of  the  section  at  A.  On  referring  to  the  measurements  on 
sketch  plan,  it  will  be  seen  that,  so  far  as  the  mileage  is  concerned,  the 
quarry  a  would,  for  a  distance  of  f  ths  of  a  mile  from  A  towards  d^  be  the 
preferable  one  so  far  from  which  to  procure  the  material  for  repairs.  The 
quantity  of  macadam  required  for  this  section  A.d  of  the  road,  to  the  width 
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ftud  thickness  of  coating  shown,  would  be  495  tons,  which  could  be  accom- 
plished in  about  nine  days  by  means  of  a  stone-breaking  machine. 

Subsequent  to  breaking  this  quantity  of  macadam  the  stone-breaker 
would  require  to  be  removed  to  the  quarry  &,  so  as  to  equalize  the  cost  of 
hatdage;  but  the  removal  of  the  plant  from  the  quariy  a  to  that  at  b^, 
including  dismantling  and  re-erection,  would  entail  an  expenditure  of  50s^ 
The  cost  of  production  therefore  would,  considering  the  short  period  which 
the  plant  was  required  at  quarry  a,  be  enhanced  by  about  l^d.  per  ton^ 
compared  with  the  cost  had  the  breaking  machine  been  set  to  work  itk 
quarry  b  in  the  first  instance. 

The  expense  of  one  change  or  removal  was  thus  avoided,  and  althougb 
the  haulage  cost  more,  the  total  expenditure  incurred  in  repairing  the  section 
A  d  was  less  by  procuring  and  breaking  all  the  metalling  required  from  one^ 
quarry,  instead  of,  as  contemplated  at  first,  dividing  the  quantity  between 
the  two  quarries  a  and  b.  The  cost  of  removing  the  plant  from  one  quarry 
to  another  is  infinitesimal  when  calculated  at  so  much  per  ton  on  a  large^ 
quantity  of  material,  while  it  is  considerable  when  only  a  few  days'  breaking 
is  undertaken,  by  reason  of  the  high  proportion  of  the  time  required  for 
removing  the  machinery,  to  the  actual  amount  of  work  performed.  In 
other  words,  the  additional  cost  for  breaking  by  machinery  amounts  to  l|d^ 
per  ton  when  the  plant  is  removed  each  week,  while  it  is  under  ^d.  per  ton 
of  macadam  broken,  if  a  month's  work  be  accomplished  before  commencing 
operations  in  another  quarry,  compared  with  a  longer  period  of  time. 

It  will  be  obvious  from  these  considerations,  that  the  most  economical 
arrangement  was  to  procure  the  whole  material  necessary  for  repairing  the- 
section  of  road  mentioned  exclusively  from  the  quarry  b. 

The  points  d  and  e  on  the  road,  being  situated  exactly  at  the  same  dis- 
tance from  the  quarries  b  and  c,  would,  if  the  conditions  were  equal,  present 
no  difficulty  in  fixing  on  the  point  as  that  midway  along  this  section,  where 
the  cost  of  haulage  from  either  quarry  is  equal. 

The  road  from  the  quarry  c  is  of  an  undulating  nature,  however,  which 
involved  an  increase  for  haulage  of  l^d.  per  ton-mile  compared  with  the^ 
cost  of  haulage  from  the  quarry  b.  The  question  presents  itself  in  thia 
way :  at  what  point  between  d  and  e  does  the  cost  of  haulage  from  either 
quarry  become  equal  1  This  is  simply  a  matter  of  calculation.  With  regard 
to  the  section  e  /,  similar  conditions  as  to  haulage  existed,  and  the  road  from 
the  quarry  c  to  B  being  on  a  gradual  descent,  the  price  per  ton-mile  for 
haulage  was  similar  to  that  from  the  quarry  6,  namely  7|d.  As  in  the  pre- 
ceding case,  it  is  necessary  to  calculate  the  cost  of  conveying  the  metalling, 
so  that  where  the  materials  applied  to  the  road  from  the  two  quarries  meet^ 
the  expenditure  for  haulage  in  either  case  will  be  the  same. 

The  spreading  of  the  macadam,  and  therefore  the  rolling,  should  be 
commenced  at  the  part  of  the  road  to  be  repaired  which  is  farthest  from  thfr 
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ioiiite  of  supplj;  that  is,  when  breaking  in  quarry  h,  the  repairing  of  the 
feed  shonld  be  oommenced  at  the  point  A,  and  be  continued  towards  d. 
The  portion  of  the  section  de  should  likewise  be  arranged  for  by^fixing  the 
point  where  the  operations  are  to  be  commenced,  and  working  back  to  d. 

879.  Haulage — how  axranged. — By  arranging  the  work  in  this  manner 
the  carts  or  wagons  employed  in  conveying  the  metalling  do  not  pass  the  roller, 
and  therefore  do  not  interrupt  the  work  of  consolidating  the  metalling. 

In  conveying  the  road  metal  by  team  labour  direct  from  the  stone- 
breaking  machine,  or  even  when  taking  it  from  depdts,  tip-carts  only  should 
be  employed  in  depositing  the  macadam  on  the  road,  as  by  so  doing  the 
meiMpreading  the  material  can  regulate  the  supply  when  being  emptied,  and 
80  save  extra  labour  in  handling. 

The  macadam  is  thus  placed  approximately  in  position,  but  all  the 
material  should  be  turned  over  by  shovels  so  as  to  equalize  the  coating. 
With  well-screened  metalling  less  time  is  necessary  to  accomplish  this  than  in 
the  case  of  spreading  hand-broken  stones  or  material  containing  a  large 
proportion  of  small  or  of  irregular-sized  stuff ;  it  is  necessary  in  either  case, 
however,  to  employ  thoroughly  experienced  men  to  perform  this  work,  as 
the  future  durability  of  the  coating,  although  rolled,  will  greatly  depend  on 
its  having  been  properiy  done. 

880.  The  spreading  of  the  metalling,  as  already  stated,  b  commenced  at 
the  point  furthest  from  the  quarry,  and  when  a  stretch  of  about  30  lineal 
yards  of  road  has  been  coated  the  rolling  is  commenced. 

To  ensure  that  the  proper  quantity  of  macadam  is  being  applied  to  the 
road,  the  area  spread  each  day  should  be  measured.  On  referring  to  the 
weigh-book,  the  total  quantity  of  material  removed  from  the  breaking 
machine  and  deposited  on  the  road  is  ascertained,  when  it  can  be  easily 
verified  if  the  proper  depth  of  metalling  is  being  adhered  to. 

881.  Binding  Material  and  Artificial  Watering  necessary. — Pre- 
vious to,  and  during  rolling  operations,  binding  material  should  be  prepared 
from  the  road  sides,  if  suitable,  or  brought  from  the  nearest  available 
source,  and  deposited  conveniently  on  the  bermcs  or  in  the  water-tables  on 
either  side,  and  all  the  water  outlets  should  be  closed. 

The  rolling,  as  explained  in  Chapter  YII.,  is  commenced  at  either  side 
nearest  the  water  channels;  the  engine  is  worked  gradually  towards  the 
crown  of  the  road,  and  repeated  passages  are  made  in  order  to  set  or  interlock 
the  macadam,  during  which  process  the  flat  sides  of  the  stones  are  brought 
uppermost  After  this  has  been  accomplished,  and  then  only,  the  artificial 
watering  is  commenced,  when,  according  to  the  nature  of  the  material  and 
weather  prevailing,  the  binding  is  applied;  the  new  metalling  being  wet 
prevents  its  being  *  licked  up '  by  the  roller  wheels. 

When  clean  sand  is  the  material  made  use  of  for  this  purpose,  it  should 
be  spread  over  the  partially  rolled  metalling  evenly  and  in  small  quantities  as 
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(he  roller  parses  backwiirds  and  forwards,  the  interstices  being  gradually  filled 
by  watering  and  sweeping,  until  the  whole  surface  is  thoroughly  consolidated 
«knd  presents  a  mo9aiclike  appearance.  If  sand  is  applied  before  the  metal 
coating  is  well  set,  it  will  be  washed  to  the  bottom  of  the  macadam  and 
cause  trouble  afterwards.  When  the  bindiug  material  is  composed  of  loamy 
^nd,  road-drift,  or  road  sweepings,  from  which  the  vegetable  matter  has 
been  removed  by  being  properly  weathered,  the  system  of  working  adopted 
on  roads  up  to  18  or  20  feet  in  width  is  to  convert  the  binding  in  the  water- 
tables  into  a  grout  by  a  copious  supply  of  water,  and  passing  the  roller  wheels 
over  it.  The  binding,  in  this  consistence,  is  then  swept  from  either  water-table 
towards  the  crown  of  the  road,  when  by  the  repeated  passing  of  the  roller 
the  whole  body  of  the  macadam  is  bound  together.  The  process  of  rolling 
^ith  a  slight  watering  should  be  continued  even  after  the  surface  appears  to 
be  consolidated,  as  by  this  means  any  surplus  binding  lying  in  the  inters 
atices  of  the  stones  will  be  squeezed  out,  and  should  be  swept  to  the 
sides. 

882.  Amount  of  Boiling  neoessaiy. — The  amount  of  rolling  neces- 
sary will  greatly  depend  on  the  nature  of  the  material  and  biuding  used, 
therefore  no  specific  rule  can  be  laid  down  ;  experience  and  observation  are 
the  only  guides. 

Generally  speaking,  a  suflGicient  degree  of  consolidation  will  be  attained 
when  the  stones  cease  to  creep  or  move  under  the  action  of  the  roller 
wheels. 

f  A  method  of  testing  sometimes  adopted  is  placing  a  single  piece  of 
load  metal  on  the  surface  of  the  newly  consolidated  coating;  should  the 
stone  be  crushed  to  pieces  instead  of  being  forced  into  the  general  body  of 
the  road,  a  sufficient  degree  of  hardness  is  considered  to  have  been  attained. 
This  may  be  applicable  in  some  cases,  but  as  the  quality  of  the  metalling 
depends  on  this  method  of  determining  the  degree  of  consolidation,  it  is  not 
a  very  reliable  test 

As  all  binding  material  contracts  after  the  moisture  evaporates,  the 
metalling  at  the  surface,  especially  during  dry  weather,  becomes  slightly 
loose.  It  is  necessary,  therefore,  to  apply  some  light  binding  material  to 
counteract  this  tendency,  for  which  purpose  a  thin  coat  of  sand  ^  inch  thick 
spread  over  the  surface  is  particularly  useful,  but  during  high  winds  it 
is  easily  blown  away,  leaving  the  surface  of  the  road  bare  and  unprotected. 

The  best  material  which  can  in  any. circumstance  be  applied  is,  in  the 
author's  experience,  the  fine  chips  or  screenings  from  the  stone-breaker, 
n^hich,  being  of  some  weight,  are  not  so  liable  to  be  thus  disposed  of, 
^  These  binding  materials  should  be  applied  immediately  after  the  rolling 
proper  is  finished.  It  is  advisable  and,  in  most  instances,  necessary,  on  the 
advent  of  rain  to  send  the  roller  over  the  newly  finished  road  again.  By 
doing  BO,  every  advantage  is  brought  to  bear  on  the  metal  coating,  as  the 
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lower  part  of  it,  being  in  a  partially  moist  or  green  state,  and  the  surface 
covered  with  a  thin  layer  of  chips,  the  whole  mass  is  thoroughly  compacted 
and  a  smooth  hard  surface  formed. 

This  produces  a  '  skin '  capable  of  resisting,  under  most  circumstances, 
the  destroying  iDfluence  of  dry  weather  and  traffic  on  a  newly  rolled  road, 
•especially  when  the  binding  material  used  is  of  the  kind  mentioned.  In  the 
absence  of  rain  it  may  become  necessary  to  apply  artificial  watering  to  ensure 
a  properly  finished  surface. 

These  remarks  apply  where  in  the  rolling  operations  there  is  used  only 
as  limited  a  quantity  of  binding  as  possible,  consistent  with  the  proper 
•cohesion  of  the  macadam,  and  not  to  the  system  of  using  unsuitable 
material  for  this  purpose,  applied  in  immoderate  quantities,  which  will  give 
«o  much  trouble  in  the  subsequent  maintenance  of  a  road. 

883.  Hand-broken  road  metal  applied  without  being  screened,  especially 
when  the  proportion  of  small  material  in  its  bulk  is  large  and  rolled  in  the 
usual  way,  presents  a  cupped  surface  in  a  few  months  after  the  work  is  com- 
pleted. This  is  brought  about  by  the  material  not  being  of  a  uniform  size ; 
the  spreading  of  it  equally  over  the  surface  of  the  road  is  a  very  difficult 
matter  indeed ;  and  should  the  metalling  be  prepared  from  rock  of  a  highly 
siliceous  nature,  the  process  is  well>nigh  impossible. 

884.  The  traffic  carried  on  narrow  wheels  will  in  a  short  time  wear  out 
the  parts  where  the  small  material  has  been  spread  and  cause  hollows  to  be 
formed,  owing  to  its  not  being  equal  in  strength  to  the  proper  sized  macadam 
composing  a  portion  of  the  coating. 

A  greater  quantity  of  ordinary  hand-broken  metalling  can  be  consolidated 
\>j  a  roller  in  a  day  than  when  machine  or  screened  hand-broken  is  employed. 
In  other  words,  the  cost  of  consolidating  ordinary  hand-broken  macadam  is 
less  per  ton  than  when  screened  material  is  used, 

885.  Method  of  Applying  Scarifying  Machine. — A  machine  for  scari- 
fying the  surface  of  a  road  is  a  very  valuable  adjunct  to  road-rolling,  and 
may  be  applied  in  various  ways.  Many  old  roads  containing  a  sufficient 
amount  of  metalling,  and  over  which  the  traffic  is  of  a  light  description,  can 
be  scarified  3  or  4  inches  deep,  brought  to  a  uniform  contour,  and  rolled,  so 
as  to  present  a  smooth  and  hard  surface.  This  may  be  carried  out  at  a 
trifling  cost,  and  will  effect  the  improvement  of  making  a  good  serviceable 
road  of  one  previously  in  an  unsatisfactory  condition.  The  operation, 
whether  for  improving  an  old  road  or  for  the  purpose  of  applying  a  light 
or  heavy  coat  of  metalling,  is  carried  out  in  a  similar  manner. 

The  first  cut  when  using  Morrison's  scarifying  machine  is  commenced  at 
the  side  and  continued  towards  the  crown  of  the  road;  then  the  engine 
is  reversed,  and-  the  work  done  on  the  other  side.  The  scarifying  is  best 
performed  in  the  early  morning,  when,  as  a  rule,  the  passing  vehicles  are  not 
«o  numerous.    Two  hours  each  day  is,  in  ordinary  circumstances,  ample  time 
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for  this  work  in  scarif jiog  an  area  safiScient  to  admit  of  tho  daily  supply  of 
material  from  the  stone-breaker  being  spread  over  the  loosened  surface. 

It  is  sometimes  advantageous,  however,  when  the  consolidation  of  the- 
new  metalling  is  well  advanced,  to  keep  the  machine  at  work  for  three  or 
four  hours,  which  will  be  sufficient  for  two  days'  rolling.  It  is  not  advisable 
to  exceed  this  amount,  except  on  roads  where  the  traffic  is  very  light,  as  the 
passage  of  the  wheels  of  vehicles  partially  consolidates  the  newly  scarified 
surface,  especially  during  wet  weather,  which  involves  extra  labour;  the- 
work  must  then  be  supplemented  by  hand  picking. 

After  the  whole  surface  is  scarified,  men  are  employed  to  rake  the^^ 
material  into  proper,  shape,  so  as  to  present  a  uniform  contour,  any  large 
stones  turned  up  being  broken  to  a  proper  size  previous  to  the  application  of: 
the  new  coat  of  metalling. 

886.  Scarifying  and  Screening  the  Old  Metalling.— The  crust  of  a 
road  which  has  worn  down  in  a  uniform  manner  is  best  repaired  by  apply- 
ing a  coat  of  metalling  without  the  old  surface  being  scarified.  It  is  usual,, 
however,  to  run  a  cut  with  the  machine  on  either  side  of  the  road  where 
the  width  of  the  coating  is  to  terminate. 

"When  such  conditions  exist,  it  may  be  considered  to  be  an  ideal  weariug- 
road.  This  is  only  attainable  when  a  tough  weather-resisting  material  has. 
been  employed,  when  the  subsoil  and  surface  drainage  is  perfect^  and  when 
the  road  is  open  and  well  exposed  to  the  beneficial  influences  of  sun  and 
air.  In  most  cases  it  is  preferable  to  scarify  the  whole  surface  of  the  road 
to  be  repaired,  and  when  the  old  metalling  is  such  that  the  proportion  ot 
small  material  to  the  full-sized  stones  is  not  great,  all  that  requires  to  be 
done  to  prepare  it  for  the  fresh  macadam  is  to  rake  the  stones  composing 
the  old  material  into  proper  contour.  This  is  the  simplest  method  of  com* 
biniDg  a  system  of  scarifying  and  rolling,  and  is  the  invariable  practice 
where  these  modern  appliances  are  in  use.  At  first  sight  this  appears  to 
be  all  that  is  required,  but  if  a  portion  of  road  newly  scarified,  other  than  that- 
already  mentioned  in  the  preceding  paragraph,  be  examined,  it  will  be  found 
to  contain  a  large  quantity  of  stones  varying  in  size  from  a  ^-inch  gauge  to- 
the  size  of  a  pea,  and  a  considerable  amount  of  fine  detritus.  On  most  roada- 
maintaiDcd  by  the  aid  of  wheel  traffic  consolidation,  the  quantity  of  such 
material,  which  may  be  considered  the  exhausted  portion  of  the  crust  of  a 
road,  amounts  to,  on  an  average,  from  60  to  70  per  cent,  of  the  whole  mass. 

The  quantity,  of  course,  varies  greatly,  according  to  the  condition  of 
the  road  surface  and  the  quality  of  the  macadam  which  has  been  employed 
in  carrying  out  the  repairs  j  and  in  isolated  cases  the  quantity  of  exhausted 
to  serviceable  material  has  been  found  to  reach  as  high  as  90  per  cent. 

In  the  case  of  roads  repaired  with  a  thick  coating  of  metal  and  steam- 
rolled,  the  original  proportion  of  binding  to  metalling  was  on  examination 
found  to  be  15  per  cent.,  and  when  scarified  years  afterwards  to  admit  ot 
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further  necessary  repairs,  it  was  found  to  contain  about  40  per  cent,  of 
•exhausted  material  This  small  stuff,  or  exhausted  material,  was  determined 
<by  what  would  pass  through  a  f-inch  riddle  or  screen. 

The  reduction  in  the  size  of  the  metalling  is  caused  by  the  wheel  traffic 
passing  over  the  road  wearing  the  stones,  especially  during  wet  weather,  and 
l3y  the  disintegrating  influence  of  alternating  frost  and  thaw.  It  may  be 
•observed  that,  even  at  a  depth  of  4  inches,  a  considerable  amount  of  sand  or 
•detritus  exists.  Undoubtedly  a  large  proportion  of  this  is  what  may  be 
termed  'soft  or  useless'  material  incorporated  in  the  crust  of  the  road, 
which,  if  allowed  to  remain  when  a  coat  of  fresh  materials  is  applied,  will, 
after  being  rolled,  give  trouble  sooner  or  later,  and  Ihe  result  will  be  the 
formation  of  a  series  of  hollows  or  cups  on  the  surface  of  the  road. 

It  is  obvious  that  the  direct  cause  of  this  unequal  wearing  is  the  large 
proportion  of  small  to  the  ordinary  class  of  material,  consequently  the  irregu- 
lar sized  stones  forming  the  old  coating  are  of  unequal  strength. 

887.  On  narrow  roads  the  tendency  of  the  traffic  is  to  keep  in  one  track, 
causing  undue  wear,  while  the  other  portions  of  the  surface  remain  in  good 
condition.  When  once  these  depressions  are  formed  (the  surface  water 
being  unable  to  reach  the  side  channels),  the  road  at  these  points  is  subjected 
to  great  wear. 

To  scarify  the  whole  surface,  under  these  circumstances  is  unnecessary. 
What  repairs  are  required  may  be  accomplished  by  making  one  or  more 
cats  with  the  scarifying  machine  along  the  depressed  or  cupped  portions  of 
the  surface,  applying  fresh  metalling  one  stone  thick  and  consolidating  by 
rolling,  and  a  perfectly  smooth  surface  will  be  the  result. 

888.  When  the  system  of  repairing  roads  is  carried  out  by  patching  and 
Tolling,  the  work  of  consolidation  is  greatly  increased  by  previously  scarify- 
ing the  surface  of  the  road.  By  this  method  of  executing  repairs,  the 
material  can  only  be  spread  one  stone  thick  so  as  to  correspond  approxi- 
mately with  the  other  portions  of  the  road.  If  the  surface  of  the  road  is 
not  scarified,  considerable  damage  to  the  metalling  would  result  by  the 
4;ru8hing  effect  of  the  roller  wheels  passing  over  the  metal  patches. 

It  is  sometimes  the  practice  to  stock  the  parts  of  a  road  to  be  repaired 
hj  means  of  hand  picking,  but  more  frequently  the  outside  edges  only  are 
loosened.  This  process  is  slow,  and  when  only  partially  carried  out  results 
in  damage  to  the  fresh  metalling,  besides  it  is  more  costly  than  mechanical 
scarifying. 

889.  Thickness  of  Metal  Coatings  when  Consolidated  by  Boiling. — 
A  matter  which  deserves  careful  consideration  is  the  quantity  of  material 
which  should  be  applied  for  consolidation  by  steam  rolling,  in  order  to 
obtain  the  best  results  so  far  as  durability  and  economy  of  maintenance 
Are  concerned.  The  amount  in  cubic  yards  of  metal  applied  per  mile  of  road, 
binder  the  old  or  patching  system,  is  so  far  a  means  of  determining  this 
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quantity  approximately.  ^  To  spread  a  coat  of  metalling  the  full  width  of  « 
road  and  to  a  given  thickness,  it  is  evident  that  so  many  times  the  previous 
annual  supply  should  be  applied  in  order  to  give  good  results.  The  author 
has  found  in  practice,  that  to  obtain  from  five  to  ten  years'  service  from 
steam-rolled  coatings,  due  consideration  being  given  to  the  quality  of  the 
material  used  and  the  situation  of  the  road,  an  amount  equal  to  four  times 
the  average  annual  supply  formerly  applied  is  sufficient. 

Should  the  crust  of  a  road  be  considerably  worn,  or  when  repairing 
light-trafficked  roads,  it  is  advisable  to  apply  a  proportionately  larger 
quantity  of  metalling,  but  in  no  case  need  it  be  more  than  six  times  the 
annual  supply  allocated  under  the  patching  system. 

In  other  words,  a  road  which  has  been  previously  maintained  in  good 
order  by  an  annual  supply  of  200  cubic  yards  per  mile  of  road,  would 
require^  in  order  to  provide  a  continuous  coating  for  its  full  width,  800 
cubic  yards,  or  890  tons,  of  metalling  per  mile.  As  in  ordinary  maintenance 
by  patching,  it  is  necessary,  when  carrying  out  the  work  by  applying  con- 
tinuous coating?,  to  increase  the  thickness  on  the  level  stretches  as  compared 
with  the  other  portions  of  the  road  situated  on  a  gradient. 

890.  Method  of  Arriving  at  the  Probable  Cost  of  Bepairing  Boadfl. 
— In  estimating  the  annual  expenditure  for  steam  road-rolling  operations,  it 
is  desirable  to  make  out  a  proper  statement  which  should  necessarily 
include  the  different  items  involved,  from  the  time  the  material  is  quarried 
till  it  is  consolidated  on  the  road.  By  this  means  the  actual  cost  of  repair- 
ing any  section  of  road  can  be  ascertained,  and  valuable  information  is 
afforded  for  future  reference  and  comparison.  In  the  following  particulars 
it  is  the  intention  to  give  all  the  details  necessary  for  framing  an  estimate 
for  such  work,  on  any  length  of  road  or  section  thereof. 

To  illustrate  this,  let  the  length  of  road  A  B,  fig.  120,  taken  from  actual 
practice,  be  the  section  requiring  repairs;  the  position  of  the  quarries  is 
represented  at  b  and  c. 

As  already  pointed  out,  the  cost  of  quarrying  the  material  may  vary 
within  certain  limits,  partly  owing  to  the  nature  of  the  rock,  but  mainly 
to  the  thickness  of  the  stripping  or  tirring.  Under  ordinary  circumstances, 
the  inclusive  cost  of  this  may  be  put  down  at  7^d.  per  ton  of  rock  sledged, 
ready  to  be  wheeled  to  the  breaking  machine.  The  items  for  breaking  and 
rolling  must  of  necessity  vary  according  to  the  size  of  metalling  required, 
the  capacity  of  the  roller  employed,  and  the  available  supply  of  water  for 
carrying  on  the  work  of  consolidation. 

For  the  road  under  consideration  the  breaking  of  the  macadam,  includ- 
ing wheeling  the  rough  material  to  the  machine,  and  all  other  incidental 
expenses,  may  be  taken  at  Is.  per  ton,  while  the  consolidation  of  the 
metalling,  including  2d.  per  ton  for  spreading  the  coating,  may  be  safely 
put  down  at  8^d.  per  ton.     The  following  is  a  summary  of  these  items. 
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Pence  per  ton. 
QnAn7ing,  including  stripping  and  sledging,       »        .        .        .         7*5*        ' 

■      Breaking 12'0* 

Boiling,  inclnding  spreading  the  macadam,  team  labour  for  water 

supply,  sweepers,  etc., 8*5 

28-0 
or  28.  4d.  per  ton  consolidated. 

The  hauling  of  the  material  will,  of  course,  vary  according  to  the  dis 
tance  conveyed,  and  the  nature  of  the  service  roads  traversed. 

The  contract  price  for  the  section  A  d^  in  fig.  120,  was  7|d.  per  ton- 
mile,  the  thickness  of  the  metalling  applied  being  approximately  uniform 
throughout  the  section ;  therefore  the  average  cost  on  the  length  of  road 
A  ^Z  is  taken  as  midway  between  these  points.  This  average  distance  is  made 
up  as  follows: 

Distance  from  quarry  b  to  point  d=  2'0   miles. 

„        „     rftoA  =  lJmile8-=-2=  0*66     „  . 

Average  distance,        ...        2*56     „ 

This  at  7|d.  per  ton-mile  is  19'84d.,  which,  added  to  the  total  of  the  other 
itemp,  amounts  to  slightly  under  4s.  per  ton. 

The  next  matter  to  be  considered  is  the  quantity  of  metalling  required 
t  o  coat  a  road  18  feet  wide  to  the  average  thickness  of  i  inches.  A  cubic 
yard  of  macadam  spread  to  an  assumed  thickness  of  1  inch  will  cover  36 
square  yards  of  surface,  and  as  a  ton  of  metalling  is  one-ninth  less  bulky, 
one  ton  of  road  metal  of  a  similar  thickness  will  cover  32  square  yards.   ' 

From  this  latter  figure  it  is  an  easy  matter  to  determine  how  many 
square  yards  of  surface  one  ton  of  metalling  should  cover  when  the  depth 
of  the  coating  is  stated. 

In  the  present  case  it  is  i  inches ;  consequently  one  ton  will  cover  an 
area  of  8  square  yards.  The  area  forming  the  section  of  road  A  d,  is 
ascertained  in  the  usual  manner,  and  will  be  found  to  contain  11,832  squard 
yards,  which,  divided  by  8,  gives  the  quantity  of  metalling  required, 
namely,  1479  tons.  The  cost  of  carrying  out  the  work  is  calculated  by 
taking  the  latter  figure  at  the  price  per  ton  for  the  inclusive  operations, 
or  4s. ;  hence  £295,  16s.  is  the  cost  for  repairing  this  section  of  road 
extending  to  1^  miles. 

The  second  section  of  road  to  be  repaired  from  the  quarry  6,  extends  to  a 
point  between  d  and  e.  This  must  be  determined  previous  to  commencing 
operations,  for,  should  the  distance  be  taken  as  midway  between  these 

*  These  figures  are  pufposely  tnade  high  so  ad  to  coVer  all  dbntingencies  which  may 
arise,  the  actual  cost  being  generally  about  8  per  cent  less,  as  pointed  out  in  the 
chapters  on  "  Quarrying  and  Breaking." 
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points,  tbe  cost  of  haulage  would,  in  the  case  of  materials  carted  from  the 
quarry  h^  amount  to  19*38d.  per  ton,  while  that  conveyed  from  the  quarry 
Cy  would  be  22'5d.  per  ton.  To  equalize  the  price  for  haulage  from  these  two 
quarries,  k  is  necessary  to  fix  the  point  on  this  section  of  road  where  the  cost 
of  carting  will  be  the  same  from  either.     This  may  be  found  by  calculation. 

The  half-distance  between  the  two  quarries  along  the  road  is  2|  miles, 
but  as  the  cost  of  haulage  from  the  quarry  c  to  this  point  is  1^.  more  per 
ton-mile  than  from  the  quarry  b,  it  is  evident  that  the  point  where  the 
material  from  either  quarry  should  join  will  be  nearer  e.  The  price  for 
haulage  is  approximately  20*94d.,  being  the  mean  between  the  prices  from 
the  two  quarries  at  the  half-distance.  This  figure  divided  by  the  prices  per 
ton-mile  from  the  quarries  b  and  c  respectively,  will  give  the  assumed  point, 
thus:  (1)  20-94 -^9d.  equals  2*327  miles,  and  (2)  20-94 -T-TJd.  equals 
2*702  miles.  On  examination,  however,  it  is  found  that  the  total  distance 
is  too  great  by  0029  of  a  mile;  to  obtain  the  actual  distance  to  the  dividing 
line  it  is  only  necessary  to  deduct  the  half  of  the  fractional  part  (0145)  from 
each  assumed  distance  in  order  to  arrive  at  the  final  result.  Thus :  2'702  - 
0-0145  equals  2-6875  miles,  and  2-327-00145  equals  2-3125.  The  dis- 
tance from  quarry  b  is  therefore  2*69,  and  from  e  2-31  miles.  The  distance 
along  the  section  of  road  deia  determined  by  these  figures,  being  1214  yards 
from  d  towards  e,  and  546  yards  from  e  in  the  direction  of  d. 

Had  the  half-distance  along  the  road  between  the  points  d  and  e  been 
adopted  as  the  dividing  line,  overlapping  would  have  resulted,  and  the  cost 
of  the  work  would  therefore  have  been  unnecessarily  increased,  by  reason  of 
the  extra  haulage.  Taking  the  cost  of  quarrying,  breaking,  and  rolling  as 
before — namely,  28.  4d.  per  ton — an  additional  sum  will  have  to  be  added, 
as  this  section  of  the  road  is  to  be  scarified  and  re-formed. 

The  cost  of  scarifying  3  inches  deep  may  be  taken  at  y^j^th  of  a  penny;  to 
this  has  to  be  added  a  sum  sufficient  to  cover  the  expense  of  raking  the 
material  into  proper  contour  and  breaking  any  large  stones  which  may  be  in 
the  old  coating.  This  is  generally  equal  to  abput  ^d.  per  square  yaid, 
consequently  these  items  together  amount  to  0'22d.  per  square  yard. 

The  haulage  from  the  quarry  b  to  the  section  of  road  d  towards  e  is  made 
op  of  the  distances,  2  miles  from  quarry  to  d  ■{•  half  the  distance  to  divid- 
ing line,  which  equals  *345,  or  a  total  of  2*345  miles.  This  average  mileage 
at  7f(l.  amounts  to  18-17d.  per  ton. 

Summarizing  these  items,  the  total  price  per  ton  for  the  whole  operation 
on  the  portion  of  the  section  of  road  from  d  towards  e  is  obtained. 

QaanyiDg,  breakiDg,  and  rolling,  .  .  •        28*00  per  ton. 

Scarifying,  forming,  etc.,  0'22d.  per  sq.  yard  x  14,         •  8*08       „ 

Haulage,  .  ,  .  .  .        18*17      „ 

Pence,        49*26      „ 
or  48.  lid.  per  ton  consolidated.  — — 
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The  IdDgth  of  the  road  to  be  supplied  from  the  quarry  hiB  1214  lineal 
jards,  and  as  1  ton  of  metalling  spread  close  will  (according  to  the  rule) 
•cover  14  square  yards  of  road,  the  quantity  of  metal  required  is  found  to  be 
404  tons.  The  total  cost  of  this  quantity  of  metalling,  at  the  price  given 
above,  is  £82,  18s.  Id.  The  remaining  portion  of  this  section,  extending 
*to  546  lineal  yards,  is  arrived  at  in  a  similar  manner,  the  quantity  of 
.material  being  182  tons. 

The  price  per  ton  for  all  these  items,  except  the  haulage,  is  the  same  as 
in  the  previous  case,  namely,  31*08d.  The  conveying  of  the  metal  a  dis- 
^nce  of  2  miles  +  ^  of  0*31  miles,  or  2*16  miles,  at  9d.  per  ton,  costs 
19*40d.,  which  is  an  inclusive  price  of  50'48d.,  or  4s.  2^d.  per  ton  consoli- 
•dated.  The  portion  of  this  section,  therefore,  wiU  cost  £38,  5s.  lid.,  or  a 
•total  for  the  section  of  road  between  d  and  e  of  £121,  4s. 

The  other  sections,  e  to  f  and  /  to  B,  are  proceeded  with  in  the  same 
manner  aa  section  d  e,  the  dividing  line  on  the  former  portion  being 
•distant  1073  lineal  yards  from  e,  while  the  distance  from  the  dividing  line 
to /is  2235  lineal  yards. 

Having  thus  ascertained  the  point  on  the  road  at  which  the  metalling 
from  the  respective  quarries  b  and  c  should  join,  so  as  to  equalize  the  price 
ior  haulage,  the  cost  of  the  whole  work  can  be  estimated. 

As  the  old  metalling  on  this  portion  of  the  road  contained  a  considerable 
amount  of  small  stuff  and  detritus,  it  was  decided  to  scarify  and  screen  the 
material  before  applying  the  new  coat  of  road  metal.  The  scarifying,  taking 
it  at  O'lOd.  per  square  yard,  will,  allowing  11  square  yards  for  1  ton  of 
macadam  3  inches  thick,  cost  I'lOd.  The  screening,  including  repairs  to 
tools,  may  be  easily  performed  for  0'27d.  per  square  yard ;  this  is  3d.  per  ton, 
•calculated  on  the  material  which  is  to  form  the  new  coating,  making  an 
inclusive  price  for  this  work  of  4"10d.  per  ton.  Therefore,  taking  the  cost  of 
-quarrying,  breaking,  and  rolling  as  already  stated,  the  total  cost  is  32*10d. 

The  average  cost  for  haulage  on  the  portion  of  the  road  nearest  e,  at  9d. 
per  ton-mile,  is  20'75d.  per  ton,  which,  added  to  the  previous  items,  amounts 
-to  52*85d.,  or  4s.  5d.  per  ton  of  metalling  consolidated.  The  quantity  of 
material  required  for  this  portion  of  the  road  is,  for  a  width  of  18  feet,  586 
tons,  and  the  cost  £129,  Ss.  2d.  The  remaining  portion  of  this  section, 
•extending  to  2235  lineal  yards,  requires  1219  tons  to  form  a  coat  3  inches 
thick  and  18  feet  wide.  The  average  cost  for  haulage  on  this  portion  of  the 
road  is  18*52d.  per  ton,  which,  added  to  the  other  items,  gives  50'62d.,  or 
4s.  2|d.,  as  the  cost  per  ton  of  macadam  consolidated. 

The  expenditure  for  repairs  on  this  part  of  the  road  is  therefore  £257, 
15s.  4d. 

In  regard  to  the  last  section  of  road  /  B,  the  dividing  line  is  easily 
arrived  at,  being  the  half-distance  between  the  points  /  and  B.  This 
averages  2*25  miles  from  the  quarry  c,  which,  at  7|d.  per  ton-mile,  amoonta 
to  an  average  cost  of  17'44d.  per  ton. 
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County  of ;  * 

Probable  Estimate  of  Road  RoUiDg, 


Division. 


.from  A to  B. 


Mileage  of 

fioodtobe 

BoUed. 


MUes 
112 


0*69 


0-81 


0-61 


l-S? 


100 


6-00 


Description  of  Bead. 


From,  etc.,  A  to  (2, 


From,   etc.,  d  to  dividing 
line  in  direction  of  C, 


From,    etc.,    dividing    line 
toe, 


From,   etc.,   e  to  dividing 
line  in  direction  of/, 


From,  etc,  dividing  line  to/, 


From,  etc.,/toB, 


Name  of  Quarry 

from  which  the  ' 

Material  is  to  be 

taken. 


Cost  for  Quarrying,  Breaking, 
Scarifying,  and  Boiling. 


Quairying, 
Breaking,  . 
Boiling,     . 


Penee, 


7-60 

1200 

8-50 

28-00 


Quarrying;  .  .  .7*50 
Breaking,  .  .  .  .12-00 
Scarifying     and    forming 

0-22d.xl4,    ...      3-08 
Boiling,     ....      8-50 


Pence, 


81-08 


Quarrying,  etc.,  same  as 

above,  ....    81*08 


Quarrying,        ,        .        .      7'60 
Breaking,  .        .  .12-00 

Scarifying,  0-10xll=110 

+ screening's -0,  .        .4*10 
Boiling,     ....      8*50 

Pence,    .        .8210 


Quarrying,        .       .        .7*60 
Breaking,  .        .    12*00 

Scarifying,  010x11=110 

+8creening=3-0,  .        .4-10 
Boiling,     .        .        .        .8-50 

Pence,    .       .3210 


Quarrying, 
Breaking, 
Scarifying,  010x8 
+ screenings  3 -00, 
Boiling,     . 

Pence, 


=0-80 


7-60 
12-00 

8-80 
8*50 

sTso 


N0TB.^0ne  ton  of  metalling  1  in.  thick  covers  82  square  yards. 
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xxxvni. 

District  or  Division, 
etc.,  for  Year  1898-189^. 


2«3 


Haulage 

per  ton-mile,  and  Total 

Cost  per  ton« 


2  miles  from  quairy+J  dis- 
tance  along  road»2*56  at 
7Jd.=     .       .       .  19-84) 
28 -OO/ 


Pence, 


47-84 


2  miles  from   ^narry+i  dis- 
tance to  diTidmg  line =0*346 
=2-346  at  7Jd.=  .    18-17) 
81-08  f 


Pence,    • 


49-26 


2  miles  from  qnarry + A  distance 

to  diyidingllne=  -166=2-136 

at9d.s        •       •    19-40) 

81-08  r 


Pence, 


60-48 


2  miles  from  qnarry + }  distance 
to  dividing  line=  •806=2-306 
at9d.=  .  .  20-76) 
•10  ( 


Pence, 


32-] 


62-86 


176  miles  from  onanr-i-i  ^^' 
tance  to  dividing  line='64 
r=2-39at7Sd.=  •  18-62) 
•^•10  ( 


Pence,    • 


82-] 


60-62 


176  miles  from  qnarry -I- i  dis- 
tance   along    road =0 '60= 
2-26at7Jd.=       .    17-44) 
81-80  ( 


Pence,    • 


49-24 


Width  of  Coating 
tallini 


and  Depth  of 
Metalling. 


18  feet  wide,  4r 
thick. 


14  feet  wide,  one 
stone  thick. 


14  feet  wide,  one 
stone  thick. 


18  feet  wide,  8" 
thick. 


18  feet  wide,  3" 
thick. 


18  feet  wide,  4" 
thick. 


Qoantlty  of 
Metalling  re- 
quired in  tons. 


1760x112 
=1972x6 
=11832-^8 


=1479 


1760x0-69 
=1214x41 
=6666-^14 


=404 


1760x0-31 
=  646x4| 
=2648 -rll 


=182 


1760  X -61 
=1073x6 
=6438 -rll 


=586 


1760x1-27 
=2236x6 
=13410^11 


=1219 


1760x1-00 
=1760x6 
=10660 -r8 


=18-20 


Price  per 
ton  con- 
solidated. 


8.      d. 


4    0 


4    IJ 


4    2i 


4    6 


4    2f 


Cost  of 

each 

Section. 


£  8.    d. 


296  16    0 


82  18    1 


38    6  11 


129    8    2 


267  16    4 


4    IJ      270  17    6 


Total  for  Division from  A to  B.. 


Total  Cost 


£1075  1  0 
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The  depth  of  fresh  metalling  on  this  section  was  increased  by  1  indi  to 
give  a  proportionately  greater  strength  to  carry  the  additional  traffic  from 
the  road  towards  the  quarry  c.  This  affected  the  cost  of  scarifying  com- 
pared with  the  section  ef\  one  ton  of  metalling  covering  an  area  of  8  square 
yards  at  a  depth  of  4  inches,  so  that  the  cost  of  scarifying  calculated  ou 
the  new  material,  0*80d.,  and  the  expense  of  screening  brings  this  item  up 
to  3'80d.  per  ton. 

The  different  items  summarized  amount  to  49*24d.,  or  4s.  1^.  per  ton 
of  metalling  consolidated. 

The  quantity  of  material  required  for  a  width  of  18  feet  and  of  the  thick- 
ness meutioned  is  1320  tons,  which  amounts  to  £270, 17s.  6d.  for  this  section. 

The  total  cost  of  repairing  the  different  sections  of  road  from  A  to  B 
•amounts  to  £1075,  Is.,  being  at  an  average  rate  of  £215  per  mile, 

The  arrangement  and  method  of  calculating  the  cost  of  performing  the  . 
work  has  been  given  in  detail,  so  that  the  different  items  may  be  easily 
followed;  it  is  usual,  however,  to  make  the  estimates  for  this  work  in  a 
tabulated  form,  which  should  be  preserved  for  future  reference. 

The  foregoing  form  (pp.  282,  283)  is  that  adopted  by  the  author,  experience 
Slaving  proved  the  efficiency  of  the  method ;  a  sketch  plan  of  the  roads  to 
be  repaired  should  form  a  part  of  the  arrangement  as  shown  in  fig.  120. 

891.  CoBt  of  Light  Bepairs. — The  cost  of  scarifying  a  road  5  yards 
wide,  raking  the  materials  into  a  proper  contour,  and  rolling,  without 
applying  any  fresh  materials,  will  cost  on  an  average  from  £25  to  £30  per 
mile.  It  is  a  very  significant  fact  that,  when  repairing  roads  h^  this  means, 
and  where  the  metalling  has  been  consolidated  by  wheel  traffic,  owing 
to  the  excessive  quantity  of  small  or  exhausted  material,  a  large  amount  of 
•detritus  is  produced  in  rolling-in  the  old  material  again,  which  .should  be 
.swept  to  the  sides  of  the  road.  In  many  cases  the  surplus  of  soft  or  useless 
material,  beyond  that  required  for  binding  in  connection  with  refacing  the 
fiurface,  amounts  to  30  per  cent,  of  the  bulk  of  old  metalling  operated  on. 

This  large  amount  of  fine  stuff  or  detritus  is  accounted  for  by  reason  of 
the  high  proportion  of  soft  to  hard  material  composing  the  crust  of  a  road 
when  the  repairs  have  been  carried  out  by  spreading  the  metalling  in 
patches,  and  allowing  it  to  be  consolidated  by  the  wheel  traffic. 

It  is  also  augmented  by  the  wear  of  the  material  itself,  the  stones  in 
•course  of  time  being  reduced  in  size,  and  pulverized  by  the  abrasion  of  the — 
wheels  of  vehicles  during  the  process  of  consolidation. 

On  rolled  roads,  when  refaced  to  improve  the  surface,  where  the  material 
used  has  been  of  a  good  quality,  the  amount  of  detritus  is  generally 
just  sufficient  to  form  a  binding  during  the  process  of  rolling-in  the 
metalling. 

In  the  case  of  a  narrow  road  when,  as  too  often  happens,  the  traffic  keeps    - 
one  track,  the  surface  of  the  road  immediately  under  the  line  of  the  wheels 
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becomes  depreased^  or  k  worn  hollow.  To  repair  a  road  in  this  condition 
it  is  only  necessary  to  ran  two  cuts  with  the  scarifying  machine  on  either 
side»  and  sprinkle  some  fresh  metalling  on  the  loosened  portions^  and  with 
watering  and  rolling  a  hard  surface  is  obtained. 

The  cost  of  this  work,  including  metalling  at  4s.  per  ton,  is  £7  to  £10 
per  mile. 

892«  Old  and  New  Systems  of  Maintenance  Compared.— The  different 
methods  of  performing  the  repairs  necessary  to  maintain  a  road  in  good 
condition  have  been  described,  and  the  cost  of  carrying  out  the  work 
detailed.  It  is  now  necessary  to  make  a  comparison  from  a  financial  point 
of  view  between  the  old  system  of  spreading  the  metal  in  patches  and  forcing 
the  wheel  traffic  to  consolidate  the  macadam,  and  the  method  of  coating  to- 
a  full  width  long  stretches  of  a  road,  and  consolidating  the  metalling  by 
steam-rolling. 

Three  different  cases,  among  many  others,  taken  from  the  aathor'» 
experience,  and  which  are  typical  of  what  is  met  with  in  daily  practice,  will 
be  given  of  roads  under  varying  conditions  of  traffic  and  quality  of  material 
used  for  repairs. 

(a)  In  the  first  case  the  road,  previous  to  being  rolled,  was  repaired  with 
a  hard  siliceous  material  over  which  passed  a  considerable  amount  of  traffic,, 
principally  agricultural,  and  confined  practically  to  a  few  months  during 
the  winter  season.  On  an  average,  spreading  the  amount  of  traffic  over  the 
twelve  months  it  is  equal  to  4000  tons  per  yard  of  width  of  road  per 
annum.  This  road  may  be  characterised  as  being  situated  on  easy  gradients- 
with  good  surface  and  subsoil  drainage — ^in  other  words,  a  particularly  well 
laid  out  road. 

(b)  In  the  second  case,  the  road  was  repaired  with  macadam  of  a  highly 
siliceous  nature  previous  to  being  rolled.  It  is  for  the  moat  part  compara- 
tively level  longitudinally,  resting  on  a  stratum  of  retentive  clay;  conse- 
quently the  drainage  is  sluggish.  The  wheel  traffic  passing  over  this  road 
is  equal  to  5000  tons  per  yard  of  width  of  road  per  annum,  and  is  fairly 
well  divided  between  the  winter  and  summer  months. 

(c)  The  third  road  under  review  has  a  gentle  undulating  surface 
throughout,  while  the  traffic  over  it  is  light  and  principally  confined  to  the 
summer  months.  It  was  repaired  with  metalling  of  a  nature  varying  from 
hard  and  tough  to  that  of  a  highly  siliceous  composition. 

(a)  The  cost  of  maintaining  this  road,  carried  out  by  patching,  taking 
the  average  annual  expenditure  per  mile  over  a  period  of  ten  years,  was  aa 
follows : — 

Labour,  inclading  spreading  the  metalliug,  siding,  scraping, 

cleaning,  etc., £24    2    0 

Metalling  (hand  broken), 82    1    8 

Total, £56    8    8  per  milew 
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The  anniial  consumption  of  macadam  was,  taking  the  average  over  a 
similar  period,  140  cubic  yards  or  155  tons  per  mile,  and  the  cost  of  metalling 
deposited  in  dep6t6  at  roadside  on  an  average  48.  7d«  per  cubic  yard.  The 
relative  cost  of  labour  and  material  to  the  combined  expenditure  was, 
therefore,  41  per  cent,  in  the  case  of  the  former,  and  59  per  cent  in  that  of 
the  latter. 

The  roadway  is  18  feet  wide  between  the  sod  borders,  but  only  15  to  16 
feet  of  metalling  constitutes  the  road  proper. 

A  cubic  yard  of  ordinary  2^inch  gauge  metalling,  including  the  small 
material  inseparable  from  unscreened  hand-broken  macadam,  will  cover  an 
area  of  from  27  to  31  square  yards  according  to  the  proportion  of  small 
stuff  to  the  maximum  sized  stones,  but  29  square  yards  may  be  taken  as  an 
average.  The  number  of  square  yards  covered  per  annum  was  therefore 
4060,  which  is  nearly  one-half  of  the  total  area  of  the  surface  on  one  mile  of 
road* 

A  portion  of  this  road  was  repaired  ten  years  ago  by  a  continuous  coat 
of  metalling  14  feet  wide  and  steam-rolled.  The  material  for  carrying  out 
the  repairs  was  taken  from  the  same  quarry ;  consequently  the  quality  in 
either  case  was  practically  the  same.  The  average  thickness  of  the  coating 
was  3  inches,  the  quantity  of  metalling  applied  being  780  tons  per  mile,  or 
five  times  the  annual  quantity  previously  applied  on  the  patching  system. . 

The  cost  of  carrying  out  this  work,  including  quarrying,  breaking  the 
macadam  by  machine,  haulage  by  team  labour  and  consolidating  the 
metalling  by  steam-rolling,  amounted  to  £156,  148.  3d.  per  mile,  or  nearly 
three  times  greater  than  the  sum  previously  expended  annually.  This  is  at 
the  rate  of  4s.  per  ton  of  material  consolidated. 

The  coating,  as  already  stated,  averaged  3  inches  in  thickness  and  had 
a  life  of  eight  years ;  it  was  then  found  necessary  to  reface  it  as  the  surface 
had  become  cupped  and  irregular. 

This  was  effected  by  scarifying  a  width  of  12  feet  in  the  centre  of  the 
road,  applying  200  tons  of  metalling  per  mile,  and  rolling ;  a  good  hard, 
smooth  surface  was  obtained. 

The  refacing  cost  £42, 10s.  per  mile.  The  road  is  in  excellent  condition 
at  the  present  time,  and,  judging  by  past  experience,  one  is  safe  to  anticipate 
that  it  will  wear  for  another  two  years  before  further  repairs  are  necessary. 

The  total  cost  for  repairs  up  to  the  present  time  has  thus  been 
£199,  48.  3d.  per  mile,  to  which  sum  has  to  be  added  the  manual  labour  for 
surface  work  during  these  years,  such  as  trimming  the  borders,  cleaning  the 
side  channels,  and  scraping.  The  actual  expenditure  for  this  work,  on  an 
average,  amounts  to  a  fraction  under  £7  per  mile  per  annum,  which  is 
equal  to  £70  for  the  ten  years  this  section  of  road  has  been  rolled,  and, 
adding  the  cost  of  the  first  rolling  and  the  refacing,  the  total  is  £269,  4s.  3d. 
The  annual  expenditure  during  these  years  has  therefore  been  £20,  128.  lid. 
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per  mile,  showing  <k  saving  on  this  portion  of  road  of  63  per  cett.  each 
year.  This  amount  is  exclusive  of  interest  on  the  initial  cost  of  remaking 
the  road^  as  the  saving  effected  after  four  years  more  than  compensated 
for  this  charge^ 

(b)  The  annual  expenditure  on  this  road,  taken  as  in  the  preceding  case 
over  a  similar  period,  namely,  ten  years  previous  to  coating  and  rolling, 
was  on  an  average  £74,  18s.  6d.  per  mile.  The  quantity  of  metalling 
applied  each  year  was  208  cubic  yards  or  231  tons  per  mile,  the  price  of 
which,  laid  down  in  dep6ts  at  the  road-side,  was  4s.  lid.  per  cubic  yard. 
The  respective  figures  for  maintenance  per  mile  per  annum  were  as 
follows : — 

Labour,  etc,  £24    0    0 

Metalling,      •        .        .        .        .        .        .  50  18    6 

Total £74  18    6 

These  two  items,  therefore,  bore  a  proportion  to  the  combined  cost  of 
68  per  cent,  for  road  metal,  and  32  per  cent,  for  manual  labour. 

The  width  of  the  roadway  varies  from  15  to  18  feet,  while  16  feet 
may  be  taken  as  representing  the  average  width,  so  that  with  the  quantity 
of  metalling  stated,  fully  64  per  cent  of  road  surface  was  coated  each  year. 

This  road  was  repaired  and  steam-rolled  five  years  ago;  the  actual 
quantity  of  metalling  applied  was  826  tons  per  piile,  which  is  an  average 
thickness  of  3  inches  for  a  width  of  15  feet. 

.  It  will  thus  be  seen  that,  for  continuous  coating  and  rolling  operations, 
the  quantity  of  metalling  applied  was  equal  to  nearly  3|  times  the  annual 
supply  found  sufficient  to  keep  the  surface  of  the  road  in  good  repair. 

The  quality  of  the  material  forming  the  coating  to  be  steam-rolled  was 
not  equal  to  that  which  was  formerly  applied  for  patching. 

The  quarry  from  which  the  material  was  usually  procured  for  repairing 
this  road  is  situated  six  miles  distant,  and  the  transport  could  only  be 
done  by  team-work.  It  was,  therefore,  decided  to  obtain  the  metalling 
from  spme  other  source  as  a  matter  of  economy  in  first  cost,  but,  as  will 
be  shown  later,  this  was  an  unfortunate  arrangement,  having  regard  to  the 
cost  and  the  ultimate  wearing  capacity  of  the  macadam  used.  The  material 
used  was  brought  ten  miles  by  rail  and  broken  by  the  machine  at  a  railway 
dep6t  within  1^  miles  of  the  road  to  be  remade. 

The  cost  of  coating  and  rolling  this  road,  including  freight  and  all  other 
charges,  was  £213,  18s.  per  mile,  or  nearly  three  times  as  much  as  the 
previous  annual  expenditure.  Owing,  however,  to  the  metalling  not 
being  of.  so  durable  a  nature  as  that  formerly  employed  for  repairs  by 
patching,  the  surface  of  the  road  became  irregular  or  cupped  three  years 
after  being  repaired.  It  was  considered  necessary  to  scarify  and  to  apply  a 
coat  of  metalling  after  the  material  used  in  the  first  repairs  had  served  for 
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four  and  a  half  years.  This  re-facing  cost  £91,  Ss.  7d.y  while  the  qaantity^ 
of  ma^iim  applied  was  266  tons  per  mila  The  inclusive  cost  for  the^ 
two  operations  was  therefore  £305,  Is.  7d.  per  mile  of  road  repaired. 

At  the  present  time  the  surface  of  the  road  is  becoming  so  much  cupped 
tiiat  it  will  be  necessary  to  thoroughly  repair  it  in  the  course  of  a  year  or 
two,  by  scarifying  and  screening  the  old  material,  applying  a  fresh  coat  of 
metalling  of  a  more  durable  nature^  and  rolling  so  as  to  bring  about  a  more^ 
satisfactory  state  of  matters. 

The  quantity  of  road  metal,  therefore,  which  has  been  applied  for  con- 
solidation, being  1036  tons  per  mile,  and  assuming  the  time  mentioned  as- 
that  when  further  repairs  will  probably  have  to  be  carried  out,  the  road  will 
have  had  a  life  of  only  six  years. 

It  has  consequently  cost  besides  interest  £50,  16s.  lid.  per  mile  per 
annum  for  metalling  and  rolling,  to  which  sum  has  to  be  added  £17,  58.,. 
being  the  actual  amount  expended  for  surface  labour,  or  a  total  of  £68,. 
Is.  lid.  per  mile  per  annum.  This  amount,  even  under  the  adverse  circum- 
stances mentioned,  shows  a  saving  for  this  method  of  executing  repairs  of  ^ 
per  cent,  over  the  patching  system  of  maintaining  roada  Had  a  more  suit- 
able material  been  employed  in  the  first  instance,  the  probability  is  that 
the  surface  of  the  road  would  have  withstood  the  wear  of  the  wheel  traffic 
for  as  long  a  time  as  the  combined  operations  have  lasted.  It  would  also, 
it  is  confidently  assumed,  have  been  the  means  of  greatly  reducing  tho 
ultimate  total  amount  of  expenditure  incurred. 

(c)  In  the  third  case  referred  to,  the  wheel  traffic  was  of  a  light  descrip^ 
tion  and  principally  confined  to  the  touring  months  in  summer,  the 
annual  consumption  of  metalling,  which  was  of  a  good  quality,  being  on  an 
average  for  a  similar  period  as  in  the  preceding  cases  35  cubic  yards  or 
39  tons  per  mile  per  annum,  while  the  actual  expenditure  on  maintenance 
for  a  like  distance  and  time  was  £13,  15s.  6d. 

The  proportion  of  the  material  and  labour  to  the  combined  cost  was  51 
per  ceni  for  the  former,  and  49  per  cent,  for  the  latter,  the  price  of  the 
macadam  being  4s.  per  cubic  yard  deposited  in  depots  at  the  road-side. 

This  line  of  road,  over  ten  miles  long,  was  coated  with  metalling  and 
rolled  ten  years  ago,  and  re-surfaced  three  years  since,  so  that  the  first  coat* 
ing,  a  light  one,  and  rolling  had  a  life  of  seven  years.  The  quantity  of 
material  then  applied  for  rolling  was  350  tons  per  mile,  or  equal  to  nine 
times  the  average  annual  supply  previously  used  for  repairs. 

The  actual  cost  of  supplying  the  metalling  from  three  different  quarries 
which  were  situated  within  easy  distance  of  the  main  road,  and  rolling,  was 
£62  per  mile.  The  metalling  and  rolling  was  thus  equal  to  £8, 17s.  2d.  per 
mile  per  annum,  and  adding  the  expenditure  actually  incurred  for  manual 
labour  in  dressing  borders,  scraping,  etc.,  amounting  to  £3,  15s.,  made  a 
total  of  £12,  12&  2d.  per  mile  per  annunou     This  shows  an  apparent  saving 
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of  8  per  cent,  on  the  previous  annual  expenditure,  but  as  an  allowance  most 
be  made  in  this  case  for  interest  on  the  initial  cost  of  rolling,  the  actual 
saving  is  only  4  per  cent.  The  reduction  of  expenditure,  although  small, 
combined  with  the  indirect  saving  to  horses,  and  vehicles  by  reason  of  the 
hard  and  smooth  surface  which  the  road  presents  all  the  year  round,  is  a 
distinct  advantage.  It  is  also  a  sufficient  plea  for  carrying  out  rolling 
operations  even  when  the  annual  consumption  of  materials  for  repaiis,  by 
the  old  or  patching  system,  only  amounts  to  35  cubic  yards  per  mile  of 
road. 

893.  OoDdusions  arrived  at  from  the  preceding  Oomparisons.— From 
the  particulars  stated  in  the  preceding  paragraphs,  referring  to  the  cost  of 
repairs  on  existing  roads  under  different  conditions,  it  is  evident  that  main- 
taining them  on  the  principles  advocated,  namely,  obtaining  the  materials 
and  performing  the  work  by  the  use  of  modern  mechanical  appliances,  spread- 
ing the  metalling  in  continuous  coatings  and  steam-rolling,  provides  a  road 
not  only  uniform  and  smooth,  but  one  which  is  equally  good  and  service- 
able at  all 'times.  The  comparative  absence  of  loose  stones,  dust  in  dry 
weather,  and  mud  after  a  fall  of  rain,  greatly  reduces  the  tractive  efforts 
required  by  horses  hauling  loads,  and  these  conditions  are  of  considerable 
moment  to  all  who  have  occasion  to  use  the  highways.  The  economy 
of  the  methods  of  working  enumerated  in  the  preceding  chapters  (the 
results  of  which  have  been  pointed  out  in  detail)  are,  the  author  con- 
siders, conclusive,  even  on  roads  where  the  necessary  annual  outlay  or 
the  quantity  of  metalling  used  on  the  patching  system  is  relatively  small 
When  these  methods  of  repairing  roads  are  more  fully  appreciated,  the 
system  of  laying  isolated  patches  of  metal  and  compelling  the  traffic  to  con- 
solidate them,  a  system  which  is  so  well  known,  so  largely  practised  at  the 
present  time,  and  so  expensive  and  unsatisfactory  in  its  results,  will  be 
discarded  entirely  for  the  more  modern  methods  of  consolidating  the  material 
by  the  aid  of  steam  rollers  only.  Fig.  121  illustrates  Aveling  &  Porter's 
most  recent  design  of  their  15-ton  compound  road-roller. 

894.  The  difference  in  first  cost,  compared  with  the  ultimate  economy 
and  success  of  the  work,  by  using  a  suitable  class  of  material,  compared  with 
that  of  employing  an  inferior  class  of  stones  obtained  locally,  warrants  most 
careful  consideration.  Experience  has  proved  that  the  cheapest  material 
is  not  always  to  be  recommended,  as  quality,  although  involving  greater  cost 
by  reason  of  the  longer  haulage,  is  of  more  importance ;  and  the  ultimate 
durability  and  economy  of  maintenance  may  be  secured  by  employing  only 
the  best  material  which  can  be  procured. 

895.  Surfacing  Beads. — The  manual  labour  in  connection  with  the 
maintenance  of  the  surface  of  a  road  consists  of  scraping  the  surface  during 
wet  weather,  siding,  cleaning  side  and  outlet  channels,  repairing  footpaths, 
etc,  the  labour  connected  with  which  is  augmented  when  the  material  for 

T 


290  ROAD   MAKING   AND   MAINTENANCE. 

repairs  is  spread  in  patches  to  be  consolidated  by  the  wheel  traffic,  and 
gathering  loose  stones  daring  dry  weather. 

The  cost  of  these  two  latter  items  amounts  to  on  an  average  Is.  Sd.  per 
cubic  yard  in  cases  where  over  50  cubic  yards  are  applied  per  mile  per 
annum,  to  Is.  6d.,  when  the  average  quantity  is  under  that  stated.  These 
figures  are,  however,  at  times  considerably  augmented  under  abnormal 
conditions  of  weather  and  other  causes. 

The  annual  cost  of  manual  labour  per  mile  in  the  three  instances  already 
detailed,  previous  to  the  roads  being  repaired  by  continuous  coatings  of 
metal  and  steam-rolled,  and  the  subsequent  actual  expenditure  for  surface 
work,  may  be  here  tabulated. 

Tablb  XXXIX. 

Road  a  (1)  Manual  labour  or  surface  work  when  the  road  was  repaired  by 

applying  metal  patches, £24    2    0 

,,    yi  (2)    Do.    do.     subsequent  to  the  road  being  repaired  by  continu- 
ous coatings  of  metal  and  steam-rolled,     ....  700 

Difference, £17    2    0 

Road&(l)    Do.     do £24    0    0 

„    „(2)    Do.     do 17    6    0 

Difference, £6  16    0 

Road  c  (1)    Do.    do £6  15    0 

„    „  (2)    Do.     do 8  15    0 

Difference, £8    0    0 

The  difference  in  cost  for  surface  work  on  these  roads  amounts  to  50  per 
cent,  which  represents  a  saving  in  the  subsequent  maintenance  in  favour  of 
rolled  roads. 

396.  From  the  foregoing  figures  (which  are  taken  from  actual  practice)  it 
is  obvious  that  the  greater  the  quantity  of  material  necessarily  employed  to 
maintain  a  road  in  a  satisfactory  condition,  or  in  other  words,  whore  the 
exigencies  of  the  traffic  demand  a  large  quantity  of  metalling,  the  process 
of  rolling  compared  with  traffic-<:onsolidated  roads,  clearly  shows  most 
decided  economical  results.  The  indirect  saving  must  also  amount  to  a 
considerable  sum,  in  each  year,  in  the  reduced  damage  caused  to  horses, 
vehicles,  and  harness. 

897.  Subsequent  Labour  on  BoUed  Boads. — ^The  manual  labour  on 
rolled  roads,  that  is,  when  considerable  stretches  are  thus  repaired  at  one 
time,  is  made  up  of  trimming  the  sides,  cleaning  side  channels  and  water 
tables,  opening  outlets,  ditching,  and  occasionally  scraping  the  surface  of 
the  roads  during  wet  weather.  The  length  of  section  of  a  road  which  one 
foreman  surfaceman,   with  occasional  assistance,   can   properly  look   after 
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when  the  roads  aie  repaired  in  patches,  depends  on  the  quantity  of  material 
applied  each  year  and  the  situation  of  the  road.  Where  the  annual  con- 
sumption of  metalling  is  from  200  to  300  cubic  yards  per  mile,  one  fore- 
man can  generally  attend  to  3  miles  of  road,  receiving  assistance  when 
spreading  the  macadam  and  in  scraping  the  sur&ce  during  inclement 
weather.  The  length  of  section  may  be  increased  to  5  or  6  miles  when 
the  annual  consumption  of  materials  is  about  40  cubic  yards  per  mile.  On 
rolled  roads  where  the  repairs  are  carried  out  on  the  continuous  coating 
principle,  the  length  of  the  section  under  the  charge  of  one  foreman  can 
be  extended  to  6  or  8  miles  when  it  is  made  up  of  portions  of  different 
roads  lying  in  convenient  proximity  to  each  other.  The  foreman  should  be 
constantly  employed  on  his  section  of  road  during  the  winter  months  and 
in  wet  weather,  but  during  the  summer  months  his  services,  not  being 
required  in  most  cases  for  surface  work,  may  be  available  in  connection 
with  the  rolling  or  breaking  operations — ^an  occasional  visit,  especially  after 
a  rain-storm,  being  all  that  is  necessary  under  these  improved  conditions 
in  summer.  The  loose  stones  requiring  to  be  removed  from  the  road 
surface  during  dry  weather  when  the  repairs  are  carried  out  on  the 
patching  system,  unless  consolidated  by  the  steam-roller,  occupy  the 
roadmen's  time  to  a  considerable  extent  On  roads  which  have  been 
efficiently  rolled,  loose  stones  are  the  exception ;  indeed  many  roads  require 
no  expense  whatever  in  respect  of  this. 

898.  TooIb  required  for  Surface  Wort— The  tools  which  each  fore-, 
man  roadman  should  have,  are  a  shovel,  spade,  line  and  reel,  pickaxe,  barrow 
and  a  hand-machine  scraper,  extra  spades  and  shovels  being  necessary  when 
casual  labour  is  employed.  The  spirit-level  and  boning-rods  formerly  used 
by  the  ordinary  roadmen  are  now  employed  only  by  the  foreman  in  con- 
nection with  the  rolling  operations.  These  are  even  dispensed  with  when  a 
thoroughly  experienced  man  is  in  charge  of  the  work,  except  in  forming  new 
water  tables  or  channels,  a  good  eye  being  in  most  cases  a  sufficient  guide 
in  carrying  out  the  work. 

A  hand-scraping  machine  should  be  provided  on  every  roadman's  section, 
and  when  the  extent  of  the  roads  looked  after  by  one  man  exceeds  4  or  5 
miles,  or  the  exigencies  of  the  traffic  and  situation  of  the  road  demand  it, 
two  or  more  machines  should  be  provided. 

These  machines,  although  not  intended  for  constant  use  on  rolled  roads, 
supplement  the  work  done  on  certain  portions  of  it  by  the  horse-scraping 
and  sweeping  machines.  On  a  road  which  is  repaired  on  the  patching 
system,  or  when  the  surface  of  a  road  becomes  cupped  through  irregular 
wear,  the  hand-scraper  is  the  only  form  of  machine  that  can  be  advantage- 
ously employed. 

To  maintain  a  road  in  a  good  and  hard  condition  it  is  necessary  to  remove 
the  detritus  resulting  from  the  wear  of  the  metalling.      This  is  generally 
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in  the  form  of  mud ;  although  dust  is  sometimes  removed  from  the  roads, 
but  this  is  only  practised  to  a  limited  extent. 

To  be  a  substantial  advantage  the  scraping  of  mud  off  the  road  should 
be  done  promptly  when  the  weather  is  favourable  for  the  work. 

The  detritus  being  on  the  surface  of  the  road  and  increasing  in  quantity 
during  wet  weather,  evaporation  is  prevented  and  considerable  damage  is 
caused  to  the  crust  of  a  road  in  the  eyent  of  a  sudden  thaw  succeeding  frost. 

The  weather  during  the  winter  months  is  generally  so  changeable  that 
continuous  or  extensive  operations  with  the  hand-scraping  machine  are 
limited. 

It  is  very  desirable,  not  only  for  those  making  use  of  the  roads,  but 
also  for  the  benefit  of  the  road  itself,  that  any  mud  formed  on  the  surface 
should  be  immediately  removed  by  scraping  or  sweeping. 

The  short  working  day  inseparable  from  the  time  of  the  year  when 
these  operations  are  carried  out  does  not  admit  of  much  work  being  per- 
formed, while  to  employ  extra  men  specially  would  incur  a  considerable 
expenditure. 

899.  Horse-Seraping  and  Sweeping  ])Iacbine8.~A  long  stretch  of  road 
is  cleaned  in  the  shortest  possible  time  by  employing  horse-scraping  and 
sweeping  machines.  The  former  is  used  when  the  mud  or  detritus  is  in  a 
sticky  condition,  while  the  latter  is  employed  when  the  mud  is  in  a  liquid 
or  semi-liquid  state. 

These  machines  are  constructed  so  that  the  scrapers  or  brushes  are 
mounted  on  the  framework  oblique  to  the  direction  in  which  they  are 
drawn ;  they  clean  a  track  about  6  feet  in  width,  and  the  mud  is  deposited 
at  the  sides  of  the  road.  The  framework  is  a  combination  of  oak  and 
wrought  iron,  the  shafts  being  made  of  ash,  while  the  wheels  in  the  case  of 
the  sweeping  machine  are  made  with  iron  naves,  oak  spokes,  and  ash 
felloes.  The  wheels  of  the  scraping  machines  are  made  of  wrought  iron  I 
they  are  3  feet  9  inches  in  diameter,  while  those  of  the  scraping  machine 
are  4  feet  9  inches. 

The  hoes  or  shoes  of  the  scraper  are  made  of  cast  iron  and  can  be  easily 
renewed,  means  being  provided  for  regulating  the  tension  of  the  springs  so 
as  to  give  them  the  desired  pressure  on  the  road.  The  sweeping  machine 
is  provided  with  double  clutch  gearing  which  imparts  the  motion  to  the  cir- 
cular brushes.  They  are  provided  with  a  driver's  seat,  and  the  levers  for 
manipulating  the  mechanism  are  within  easy  reach,  avoiding  the  necessity 
of  the  man  dismounting  or  even  stopping  the  horse  while  working  the 
machines.  Oil-cups  properly  protected  with  lids  are  provided  for  lubricat- 
ing the  working  parts. 

To  minimize  the  scraping  of  roads  during  the  winter  months  when  the 
working  days  are  of  short  duration,  it  is  advisable  to  make  use  of  every 
opportunity  during  the  autumn  and  the  beginning  of  winter  for  scraping 


CONSTRUCTION  AND   MAINTENANCE  OP  ROADS.  293 

the  Burface  of  the  loads  and  cleaning  out  water  tables,  side  channek,  and 
ditches. 

400.  Alternating  frost  and  thaw  will  at  times  fmstrate  the  best  regn- 
lated  system  of  maintaining  roads,  and  it  is  only  by  exercising  patience,  and 
making  use  of  the  appliances  at  hand  at  the  proper  time,  that  the  best 
results  will  be  attained  under  these  circumstances.  In  cases  where  the 
humidity  of  the  atmosphere,  in  the  absence  of  rain,  causes  the  mud  to 
become  very  sticky,  great  difficulty  is  experienced  in  removing  the  detritus 
from  off  the  roads.  Under  such  circumstances  it  is  advisable,  where  a  supply 
of  water  can  be  obtained,  to  water  the  surface  copiously,  and  then  commence 
scraping  with  the  horse  machine. 

In  cases  where  the  mud,  even  with  this  treatment,  remains  sticky,  the 
author  has  obtained  good  results  from  watering  the  road  and  working  the 
road-roller  over  the  surface ;  by  this  means  the  thick  mud  is  converted  into 
a  semi-fluid  state,  when  it  can  be  easily  removed  by  the  horsenscraping  or 
sweeping  machine. 

The  road  scrapings  should  be  removed  from  the  water  tables  imme< 
diately  after  being  deposited  there  by  the  scraping  or  sweeping  machines,  or, 
when  in  a  semi-liquid  state,  as  soon  as  they  are  in  a  condition  to  be 
shovelled,  so  as  to  admit  of  the  surface  water  draining  freely  into  the  side 
channels. 

Scraping  should  not  be  attempted  immediately  after  a  thaw  succeeding 
frost,  as  the  surface  of  the  road  is  then  tender,  and  the  stones  are  easily 
displaced. 

401.  Amount  and  Oost  of  Work  which  can  be  performed  with  Hand 
and  Horse-Scraping  Machines. — The  cost  of  scraping  a  road  with  a  hand 
machine  will,  of  course,  depend  greatly  on  the  amount  of  detritus  to  be 
removed  and  its  condition.  When  in  a  soft  or  pliable  state,  and  from 
^  to  f  inch  thick,  one  man  can,  on  a  road  of  about  5  to  6  yards  wide, 
thoroughly  scrape  about  one-fourth  of  a  mile  in  a  day,  being  equal  to  an 
area  of  2200  square  yards,  or  nearly  half  an  acre. 

This  is,  under  the  conditions  stated,  at  the  rate  of  12s.  per  mile  of  road. 
The  cost  of  performing  the  operation  with  a  horse-scraping  machine  on  a 
similar  length  and  width  of  road,  including  repairs  and  depreciation,  is  on 
an  average  2s.  to  da.,  depending  on  the  thickness  and  condition  of  the 
mud. 

The  length  of  road  which  can  be  scraped  in  one  day  of  seven  hours  with 
a  horse  machine  may  be  taken  at  3  miles,  where  the  width  is  such  as  to 
require  from  four  to  six  passages  of  the  scraper.  The  work  which  can  be 
performed  with  a  horse-scraping  machine  is,  taking  the  exigencies  of  the 
traffic  into  consideration,  on  an  average  about  4500  square  yards  per 
hour. 

The  extent  of  sui-face  which  can  be  cleaned  in  one  day  with  a  horse- 
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sweeping  machine  may  be  taken  at  about  50  per  cent,  more  than  that  which 
can  be  cleaned  with  a  horse-BCiaper  or  about  4|  miles  of  load  of  an  average 
width  of  16  feet 

402.  First  Coet  of  Hand  and  Horse-Scraping  Machines,  and  Bepairs. 
— ^The  first  cost  of  a  handnscraping  machine  of  the  usual  type,  mounted  on 
iron  wheels  with  steel  hoes  or  shoes,  is  from  £3  to  £4,  and  the  number 
required  in  country  districts  is  on  an  average  one  for  every  3  or  4  miles 
of  road. 

A  horss'^craper  of  the  class  described,  and  constructed  by  the  Messrs. 
Wadsworth,  Hcdifax,  costs  from  £19  to  £24.  The  renewals  are  confined 
principally  to  the  hoes  or  shoes,  which  wear  unequally,  necessitating  their 
position  being  rearranged  occasionally,  and  practically  renewed  every  three 
or  four  years  according  to  the  amount  of  work  performed.  A  complete  set 
of  these  scrapers  or  shoes,  twenty-seven  in  number,  costs  d5s.,  including 
time  for  fixing  them  on  the  machine. 

The  cost  of  a  horse-sweeping  machine  varies  from  £30  to  £35,  the 
wearing  parts  being  more  numerous  than  those  of  a  horse-scraper.  The 
bass  of  the  revolving  brushes  requires  renewing  periodically  as  it  is 
worn  out  On  an  average  a  new  set  will  be  required  after  sweeping  a 
stretch  of  400  miles.  The  cost  of  refilling  the  brushes  with  the  best  pure 
Bahia  bass  mixed  with  African  weed  is  £2,  2s.  6d.,  and  an  equal  mixture 
of  these  gives  the  best  wearing  results. 

The  chain  belt,  bearings  of  brush  shaft,  brush  shaft  ends,  and  knuckle 
joints  require  renewing  after  working  about  4000  hours.  The  cost  for 
these  renewals  is  al)out  2s.  per  day  of  nine  hours. 

These  machines,  unlike  the  hand-scrapers,  are  operated  in  the  direction 
of  and  from  the  centre  to  the  sides  of  the  road.  They  are  used  so  as  to 
work  in  suitable  lengths  along  a  road,  the  mechanism  being  thrown  out  of 
gear  when  turning,  the  mud  is  delivered  at  the  left-hand  side  of  the  machine, 
and  by  repeated  passages  the  whole  surface  is  cleaned. 

The  author  has  found  the  machines  described  in  the  preceding  para- 
graphs of  great  assistance,  especially  when  the  roads  are  rolled ;  being  light 
they  can  be  drawn  by  one  horse ;  they  are  durable  and  easily  manipulated. 

On  an  average  one  horse-scraper  and  one  horse-sweeping  machine  are 
sufficient  to  keep  the  surface  of  100  miles  of  road  clean,  provided  they 
are  'stabled'  centrally  in  the  district  where  it  is  intended  to  use  them. 
The  work  may  have  to  be  supplemented,  however,  by  hand-scraping  on 
isolated  portions  of  a  road  which  are  badly  situated,  or  where  hedges  or 
dose  fences  obstruct  the  sun  and  wind,  and  hinder  the  road  irom  drying. 

iOd.  Boad-Edge  Dressing  Machine. — ^This  machine,  which  has  recently 
been  introduced,  is  the  invention  of  the  County  Boad  Surveyor  of  Elgin. 
It  is  attached  to  a  road-roUer  or  engine,  and  is  intended  to  supersede  the 
various  kinds  of  ploughs  and  other  contrivances  drawn  by  animal  power, 
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which  have  been  devised  from  time  to  time.  The  machine  can  pare  or  dress 
the  edges  of  public  roads ;  the  portion  trimmed  at  one  operation  may  vary 
from  6  inches  to  30  inches  in  breadth,  while  it  can  be  adjusted  to  cut  from 
1  inch  to  10  inches  in  depth. 

Besides  having  a  suitable  framework  it  is  made  up  of  a  revolving  cutting 
steel  wheel,  2  feet  in  diameter,  which  acts  in  a  vertical  direction  on  the  turf 
border  to  be  dressed.  The  horizontal  cutting  1b  performed  by  a  set  of 
blades  or  cutting  tools;  the  whole  apparatus  being  regulated  by  suitable 
gearing,  controlled  by  a  man  operating  two  handles  placed  od  the  platform 
at  the  rear  end  of  the  engine.  The  edge-dressing  machine  is  attached  to  an 
engine  or  road-roller,  as  shown  in  fig.  122,  one  of  the  driving-wheels  of 
which  acts  as  the  leading  wheel  of  the  machine,  so  as  to  give  it  rigidity  for 
steering  and  sufficient  pressure  when  at  work.  Parallel  sights  are  fixed  on 
the  engine  to  guide  the  driver  in  preserving  a  regular  course. 

The  loosened  materials  are  left  in  a  continuous  heap  along  the  edge  of 
the  road  and  can  be  disposed  of  according  to  circumstances.  It  is  a  very 
efficient  machine  and  does  excellent  work ;  it  is  capable  of  cutting  tree  roots 
of  moderate  size,  rank  vegetation,  and  of  penetrating  stony  ground. 

It  is  stated  that  by  the  use  of  this  machine,  attached  to  a  six  horse- 
power engine,  15  to  18  miles  of  road  can  be  pared  in  one  week,  including 
the  usual  stoppages  and  changing  from  one  part  of  a  district  to  another. 

It  may  be  worked  by  an  engine  hired  for  the  purpose,  but  is  generally 
attached  to  a  road-roller,  thus  utilizing  the  spare  time  should  the  amount  of 
rolling  be  insufficient  to  so  employ  it  all  the  year  round. 

The  cost  of  paring  a  road-side  by  the  machine  is  7s.  to  10s.  per  mile 
compared  with  £2  to  £4  by  hand  labour.  The  price  of  this  road-edge 
cutting  machine  fitted  on  to  an  engine  or  road-roller  is  about  £90. 

404.  Engine  and  Store  Shed. — In  a  county  or  district  possessing  a  road 
maintenance  plant,  comprising  roller,  road-engine,  stone-breaker,  rock  drill, 
sweeping  and  scraping  machines,  a  shed  is  necessary  to  stable  the  difierent 
machines  when  not  in  use  or  when  under  repair.  The  shed  should  be  com- 
modious but  not  unnecessarily  large,  and  have  sufficient  headway  to  admit  of 
the  free  passage  of  the  engines. 

One  side  may  be  occupied  by  a  working  bench  with  vice,  etc.,  for  carry- 
ing out  small  repairs,  storage  for  new  tools,  and  a  suitable  arrangement  for 
placing  the  oil  casks  in  position.  On  the  other  side  of  the  shed  the  india- 
rubber  tubing,  iron  pipes,  drill  steels,  etc.,  can  be  stored  clear  of  the  ground. 
A  stove  fixed  at  one  end  is  a  great  convenience  in  many  ways.  It  is 
advisable  to  have  adjoining  the  shed  for  storing  drain  pipes  and  other 
material,  a  small  piece  of  ground,  and  which  can  also  be  utilized  for  stabling 
the  plant  temporarily. 

A  shed  to  accommodate  all  the  plant  used  in  connection  with  a  district 
extending  from  100  to  200  miles  of  road  will  be  best  served  by  making  it 
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Fig.  123. — Crosa-section  of  engine  shed. 
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about  60  feet  long  and  25  feet  wide ;  a  crose-section  of  such  a  abed  ia  shown 
in  fig.  123. 

The  coliunns  or  standards  are  generally  made  of  channel  iron  or  H- 
section  fixed  at  their  lower  ends  in  a  concrete  block,  and  having  the  top  part 
bolted  to  an  angle  iron  run  round  the  whole  erection. 

The  doors,  12  feet  wide,  are  arranged  to  slide  by  means  of  wheels  on  a 
T-iron  fixed  to  the  framework.  The  roof  is  made  up  of  T-iron  principals, 
having  struts  and  ties,  placed  over  the  standards  and  fixed  to  the  angle  iron 
by  means  of  a  gusset-plate. 

The  covering  is  usually  of  corrugated  iron,  and  of  No.  20  B.W.G.  fixed  to 
angle-iron  runners  on  sides  of  shed,  and  to  the  T-irons  of  the  roof  principals 
or  to  purlins.  The  sheets  should  be  properly  lapped,  and  secured  with  bolts, 
washers,  and  nuts.  It  is  desirable  to  have  as  much  light  as  possible 
admitted  to  the  interior  of  the  shed,  and  for  this  purpose  windows  are  fixed 
either  in  a  continuous  manner,  or  detached,  on  either  side  of  the  shed  to  the 
framework.     Roof-lights  should  also  be  introduced  at  convenient  points. 

A  space  at  the  apex  of  the  principals  is  left  open  for  ventilation,  and  a 
hood  erected  over  it  to  prevent  the  ingress  of  rain  or  snow. 

The  appearance  of  the  erection  is  greatly  improved,  and  the  corrugated 
iron,  although  galvanized,  is  preserved  by  being  painted. 

405.  Oost  of  Erecting  an  Engine  Shed. — The  cost  of  erecting  a  shed  of 
the  dimensions  given,  and  of  the  materials  described,  may  vary  from  Is.  6d. 
to  Is.  9d.  per  square  foot  of  area  occupied,  or  from  £120  to  £130,  with  an 
additional  £5  for  erecting  benches  and  other  internal  fittings.  It  is  advis- 
able to  enclose  the  ground  occupied  by  erecting  a  fence,  the  cost  of  which 
is  not  included  in  the  figures  given. 

406.  In  addition  to  having  a  central  shed,  small  sheds  or  hots  should  be 
erected  at  convenient  points  throughout  the  district,  for  keeping  those  of  the 
roadmen's  tools  which  are  not  in  daily  use.  They  are  also  very  convenient 
for  storing  coals  in  connection  with  rolling  operations,  as  in  many  districts  the 
sources  of  supply  or  the  railway  dep6ts  are  situated  at  a  considerable  distance ; 
in  many  instances  they  will  save  considerable  inconvenience  and  loss  of  time. 

If  these  huts  are  made  of  a  sufficient  size  a  considerable  quantity  of  fuel 
can  be  stored,  to  supply  the  requirements  in  case  of  emergency.  They  need 
not  be  expensive  erections,  and  may  be  msde  either  of  old  railway  sleepers 
or  with  wood  posts,  and  covered  with  corrugated  iron  sheets,  at  an  outlay  of 
from  £8  to  £12. 

407.  Purchasing  Tools  and  General  Stores.— The  purchasing  of  tools, 
oils,  coals,  blasting  explosives,  and  detonators,  demands  careful  attention. 
If  the  workmen's  tools  are  obtained  locally  and  in  small  lots,  owing  to  the 
want  of  a  proper  place  to  store  them,  it  is  evident  that  the  cost  of  procuring 
these  articles  is  greatly  increased,  beyoud  what  would  be  that  of  purchasing 
in  large  quantities  for  one  or  two  years'  requirements.    The  supplying  of  the. 
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neoeBsarj  took  and  stoies  by  contract,  and  delivering  them  at  one  or  more 
conyenient  points  in  a  district,  tend  to  promote  economy,  and  the  saving 
effected  in  two  or  three  years  will  be  sufficient  to  pay  for  the  expenditure 
incurred  in  erecting  sheds  and  huts  for  this  purpose. 

The  month  of  January  is  the  most  suitable  and  generally  the  most 
economical  time  to  purchase  tools,  oils,  etc. ;  while  the  contract  for  supplying 
coals  for  the  rollers  and  road-engines  should  be  made  in  the  month  of 
March  each  year. 

In  the  author's  experience  the  saving  effected  by  purchasing  the  different 
articles  by  contract  annually  has  been  33  per  cent,  compared  with  the 
system  formerly  practised  of  procuring  the  tools  and  other  stores  as  necessity 
arose. 

408.  Eules  and  Begnlations  for  the  Guidance  of  Boadmen.-~Printed 
rules  and  regulations  should  be  issued  for  the  guidance  of  roadmen  as  to 
the  hours  of  labour  during  the  summer  and  winter  months,  the  procedure  to 
be  followed  in  the  event  of  a  breakdown  or  fiedlure  of  any  of  the  subsidiary 
works,  such  as  drains,  culverts,  bridges,  embankments,  etc.,  and  the  arrange- 
ments necessary  to  cope  with  a  fall  of  snow. 

These  need  not  be  of  a  voluminous  nature,  as  long  rules  only  lead  to 
confusion,  and  are  in  most  cases  of  little  practical  advantage ;  efficient  super- 
vision is  the  only  way  to  attain  the  maximum  results. 

The  regulations  for  the  Cantonniers  on  the  national  roads  in  France  are 
of  a  very  comprehensive  nature,  but,  apart  from  these,  the  supervision  is 
carried  out  in  a  thoroughly  systematic  manner. 

On  roads  which  have  been  rolled,  the  surfaceman's  work  is  principally 
confined  to  siding,  cleaning  out  channels  and  ditches,  repairing  footpaths  and 
occasional  scraping,  while  his  services  may  be  requisitioned  during  the 
summer  months  at  the  quarrying,  breaking,  or  rolling  operations.  It  is  not 
advisable  to  perform  the  work  of  surfacing  by  contract ;  and  as  the  road  fore- 
men and  casual  labourers  are  paid  by  day's  wages,  the  division  of  roads  into 
lengths  makes  it  easy  to  compare  one  man's  work  with  another's  when  a 
system  of  close  superintendence  is  carried  out. 

In  districts  where  a  fail  of  snow  generally  takes  place  each  winter  it  is 
necessary  to  provide  snow-ploughs  to  effect  such  a  clearance  as  will  facilitate 
travelling.  These  consist  of  planks  fastened  together  in  the  shape  of  a  V, 
22  inches  deep  and  shod  with  an  angle  iron  on  the  lower  edge  and  ^inch  iron 
plates  at  the  apex,  properly  stayed  in  the  centre  and  outer  ends,  with  pro- 
vision in  front  for  attaching  the  means  for  hauling  it  by  horses.  The  usual 
size  made  is  from  10  to  12  feet  long  and  8  feet  wide  at  the  extreme  end. 
These  are  of  little  use  in  heavy  drifts,  which  must  be  cut  through  by  the 
roadmen  with  the  assistance  of  extra  hands  when  necessary. 

409.  Footpatha. — Footpaths  alongside  roads  leading  from  one  town  or 
village  to  another  are  of  considerable  public  importance,  and  require  to  be 
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kept  in  an  efficient  state  of  repair.  They  should  be  formed  of  hard  materials 
affording  perfect  drainage  and  finished  with  fine  gravel,  fnmace  cinders,  or 
screenings  from  the  breaking  machine.  In  populous  places  it  is  advisable 
to  form  footpaths  of  a  much  more  permanent  and  satisfactory  nature,  for 
which  purpose  tar  concrete  and  similar  suitable  materials  are  made  use  of. 
The  object  to  be  attained  is  to  make  a  perfectly  dry  and  serviceable  path 
during  wet  weather,  when  other  parts  of  the  roadway  may  be  in  a  sloppy 
condition. 

410.  Milestones  and  Direction  Boards.— Milestones  indicating  the 
distance  between  important  towns  generally  exist  on  most  of  the  main, 
roads  in  Britain.  These  are  now  supplemented  by  guide  or  direction  boards 
fixed  to  posts  and  placed  at  all  important  points,  such  as  where  one  road 
branches  off,  or  where  one  road  intersects  another.  These  may  be  made 
with  one  or  more  arms  on  which  the  mileage  to  villages  and  towns  on  either 
side  is  indicated,  while  in  some  instances  the  elevation  of  the  road  above 
sea-level  is  also  added. 

411.  Annual  Estimates  aad  Actual  Expenditure  of  Soad  Bepain. — 
The  annual  estimates  of  the  cost  of  road  maintenance  should  be  made  in 
detail,  showing  the  allocation  of  the  metalling,  the  number  of  cubic  yards  or 
tons  per  mile  of  road,  the  price  per  cubic  yard  or  ton,  the  cost  of  manual 
labour,  rolling,  and  any  miscellaneous  expenditure,  such  as  bridge  and 
culvert  repairs,  tools,  etc.,  with  the  total  cost  on  each  section  of  road. 

The  actual  expenditure  incurred  should  be  recorded  in  detail  under  the 
separate  heads  of  metalling,  road-rolling,  labour,  bridges,  culverts  and  drains, 
tools  and  sundry  items.  This  may  be  kept  in  the  form  of  a  diagram 
showing  the  cost  of  the  different  items  of  work  carried  out  each  year,  while 
the  total  expenditure,  including  all  these  items,  should  be  tabulated  on  a 
separate  form. 

It  is  usual  to  construct  these  'diagram  accounts'  with  vertical  lines,  on 
which  the  years  are  marked,  horizontal  lines  being  plotted  to  show  the 
number  of  cubic  yards  of  metalling  applied  per  mile  of  road,  the  cost  of  this, 
and  also  the  expenditure  incurred  for  labour,  rolling,  repairs  to  bridges, 
culverts,  and  other  collateral  charges.  These  diagrams  are  extremely  useful 
for  reference,  and  the  history  of  a  road  for  many  years,  indicating  its  capital 
value,  can  be  seen  at  a  glance.  By  this  means  the  cost  of  the  maintenance 
of  different  roads  can  be  readily  compared,  and  if  .the  system  was  generally 
adopted  valuable  statistics  relating  to  roads  generally  would  be  available,  so 
that  the  annual  expenditure  for  the  several  items  enumerated  in  different 
counties  of  this  country  could  be  collated,  which  would  prove  very  beneficial 
in  forming  a  comparison,  and  undoubtedly  promote  economy  and  efficiency 
in  management. 


PART  11 

CHAPTER  IX. 

CARRIAGEWAYS  AND  FOOTWAYS. 
PRBLIMINART   REMARKS — FOUNDATIONS  AND  PITOHBD  PAVEMENTS. 

412.  The  method  of  paving  streets  and  carriageways,  which  forms  Part  II. 
of  this  treatise,  will  now  be  described,  beginning  with' the  earlier  kinds 
of  material  nsed,  snch  as  cobblestones,  and  finishing  with  what  is  now 
employed  in  the  large  cities  and  towns  of  this  country. 

The  historical  part  of  this  subject,  as  also  the  methods  adopted  in 
obtaining  many  of  the  kinds  of  material  used  for  paving  purposes,  but 
especially  in  connection  with  the  construction  and  repairs  of  macadamized 
roads  by  steam-rolling,  have  been  fully  explained  in  the  different  chapters 
in  Part  I.  Such  matters,  therefore,  will  only  be  alluded  to  in  the  following 
pages  so  far  as  necessary  to  further  elucidate  or  amplify  the  subject. 

Stone  in  many  different  forms  has  been  made  use  of  as  a  paving  material 
from  the  time  of  the  Plomans,  who  employed  blocks  of  an  irregular  shape 
laid  on  a  foundation  of  concrete,  which  presented  great  solidity  and  was 
extremely  durable. 

The  surface  of  these  large  blocks,  however,  does  not  afford  a  good  foot- 
hold for  horses,  owing  to  its  wearing  smooth;  consequently  this  form  of 
paving  is  not  reliable  for  modem  traffic. 

Boulder  or  cobblestone  pavements  were  much  used  in  the  towns  of  this 
country  until  they  were  superseded  by  a  regular  pitched  paving.  Cobbles 
make  a  very  noisy  pavement,  and  from  the  irregular  shape  of  the  stones  it  is 
impossible  to  joint  them  closely,  consequently  the  surface  cannot  be  properly 
cleansed,  therefore  boulders  form  an  unsuitable  as  well  as  an  insanitary  paving 
material.  Streets  in  many  of  the  English  towns  are  still  paved  with  cobbles, 
but  these  are  being  gradually  replaced  by  better  descriptions  of  pavement. 

The  large  regular  shaped  blocks  8  inches  wide  which  were  introduced 
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in  more  recent  years  have  been  gradually  reduced  in  size,  the  width  ,ot  the 
setts  now  used  being  generally  3  inches,  laid  on  a  foundation  of  Portland 
cement  concrete. 

418.  The  other  materials  used  at  the  present  time  for  paving  carriage- 
ways are  wood,  asphalts,  brick,  tar-macadam,  many  kinds  of  artificial 
stone  and  blocks,  and  ordinary  road  metalling  consolidated  by  steam- 
rolling. 

Where  the  vehicular  traffic  is  very  heavy,  and  the  annual  cost  of 
maintenance  and  scavenging  consequently  high,  it  is  desirable  to  apply 
either  of  the  paving  materials  already  mentioned,  so  as  to  provide  a  harder 
and  more  durable  surface,  and  construct  a  more  permanent  roadway  than 
can  be  made  by  the  use  of  ordinary  macadam. 

414.  In  this  country,  authorities  on  the  subject  fix  the  limit  for  traffic 
at  40,000  tons  per  yard-width  of  road  per  annum,  and  for  maintenance, 
including  cleansing  and  watering,  at  a  cost  of  2s.  per  square  yard  annually 
for  macadamized  roads.  When  these  figures  are  reached,  that  description 
of  pavement  should  be  adopted  which  is  most  suitable  to  the  location  of  the 
thoroughfare  and  the  class  of  traffic  passing  over  it.  It  should  be  remembered 
that  certain  specific  interests  have  to  be  considered  in  dealing  with  this 
somewhat  complicated  question. 

The  principal  points  in  connection  with  this  are  the  first  cost  of  con- 
struction and  subsequent  maintenance.  The  description  of  material  selected 
should  not  be  unduly  noisy  or  dirty,  as  this  would  annoy  the  residents  and 
injuriously  affect  business  premises  and  shops  adjoining  the  streets.  The 
interest  of  owners  of  horses  and  vehicles,  as  they  are  the  principal  users  of 
the  streets,  merits  a  considerable  share  in  the  consideration  of  the 
subject.  Ease  of  traction,  which  means  the  economical  conveyance  of 
merchandise,  has  to  be  considered,  as  has  also  the  immunity  from  accidents 
by  falls,  that  is,  the  comparative  safety  for  travelling.  Neglect  of  these 
considerations  and  the  consequent  damage  to  horses'  legs  and  hoofs,  will 
necessarily  represent  a  considerable  loss  of  money  annually,  and  attention 
to  them  a  proportionate  diminution  of  loss. 

Economy  in  the  ultimate  cost  for  construction  and  maintenance  is  of 
considerable  importance,  and  afiects  the  ratepayers  directly,  while  noiseless- 
ness  and  absence  from  dust  or  mud  affect  pedestrians,  business  people 
and  shopkeepers,  and,  on  the  other  hand,  good  foothold  and  smoothness 
affect  all  those  who  own  horses  and  vehicles. 

415.  Some  of  the  essential  features  which  a  good  pavement  for  the 
carriageways  of  cities  and  towns  should  possess,  may  be  summarized  as 
follows : — 

(1)  It  should  be  impervious. 

(2)  It  should  be  suitable  for  varying  gradients  and  afford  good  foothold 
for  horses. 


302  ROAD   MAKING   AND   MAINTENANCE. 

(3)  It  should  be  durable,  modeiate  in  fint  cost  and  subsequent  annual 
repairs,  have  sufficient  curvature  to  throw  off  surface  water  rapidly,  and  be 
non-absorbent  and  easily  cleansed. 

(4)  It  should  be  as  noiseless  as  possible. 

(5)  It  should  be  constructed  with  a  sufficient  foundation  for  the  class  of 
traffic  which  it  has  to  bear,  so  as  not  to  subside  under  the  influence  of 
heavy  loads. 

(6)  It  should  present  a  uniform  and  smooth  surface,  so  as  to  render 
traction  easy. 

All  the  conditions  enumerated  affect  those  interested  in  a  varying 
degree ;  consequently  the  usual  difficulty  is  to  carry  out  one  or  two  of  the 
essential  requirements  mentioned  without  sacrificing  the  individual  interests 
of  many  of  the  inhabitants. 

The  details  referred  to  affect  the  several  kinds  of  pavement  differently, 
and  will  therefore  be  described  under  each  separate  class. 

416.  A  pavement  which  is  eminently  suitable  for  the  thoroughfare  of  a 
provincial  or  agricultural  town  will  not,  in  the  generality  of  cases,  be 
appropriate  for  the  carriageway  of  a  city  or  manufacturing  town  where  the 
streets  are  subjected  to  a  heavy  and  continuous  traffic.  Neither  the  physical 
features  of  a  town,  nor  the  climate,  should  be  lost  sight  of  in  determining 
the  piavement  most  suitable  for  a  street  or  carriageway. 

As  illustrating  the  effect  of  traction  on  some  of  the  different  kinds  of 
materials  used,  the  following  table,  now  universally  adopted,  may  be  given 
previous  to  describing  in  detail  the  construction  of  the  several  pavements 
made  use  of  at  present  for  provincial  and  metropolitan  street  traffic. 


Table  XL. 

Trcidian  on  level  roads  formed  of  different  materialSy  asphaUe  being 
taken  as  the  standard  of  excellence. 


Asphalted  roadway, 

1-0 

Paved  roadway,  dry  and  in  good  order, 

1-5  to  2-0 

„           ,,        in  fair  order,        .... 

2-0  „  2-6 

„            „        but  covered  with  mud. 

2-0  „  27 

Macadamized  roadway,  dry  and  in  good  order, 

2-6  „  80 

„                „        in  a  wet  state,    . 

8-8 

„                „         in  fair  order. 

4-6 

„                 „         but  covered  with  mud, 

6-6 

„                ,,         with  the  stones  loose, 

60  to  8-2 

Another  useful  table,  prepared  from  experiments  made  by  Mr.  Amos  on 
different  descriptions  of  pavement  in  the  city  of  London,  is  here  given : — 
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Table  XLT. 


RcMdMBteriia. 

Speed  in 

miles  per 

hour. 

Draught 
in  lbs. 

fraction 
of  load. 

Tractire 

force  in 

dedmalBof 

the  load. 

Gravelly    macadam     in    a    side/ 
street,    ^ 

6-945 

126-6 

1 

463 
1 

•0219 

8-45 

114*822 

50-3 

•0197 

r 
Granite  pitching  by  side  of  tram- 
way,        

5-16 

8-196 

2-667 

70-963 
41-982 
45-672 

1 
811 

1 
l«7-8 

1 
121 

1 
21-9 

1 

Wi 
1 

•0128 
•0072 
•0082 

Granite  macadam  'freshly  laid,'  .  / 

4-289 
2-775 

262-886 
242-726 

-0466 
•0421 

( 

5-026 

91-626 

M-9 

-0158 

Asphalte  parement,                      .1 

3-66 

69*758 

1 

82-6 

1 

e8-8 

•0121 

\ 

5-687 

84-268 

•0111 

f 

8-982 

118-168 

1 

487 

1 
66-2 

1 

-0205 

Wood  parement, 

3-278 

102-412 

•0177 

b 

8-827 

100-066 

Wb 

•0178 

Macadam  road  yeiy  good  on  Vic- 

1 

toria  Embankment, 

6-65 

109-06 

627 

•0181 

417.  Boulder  or  GobbleBtone  pavements  at  one  time  formed  the 
principal  paving,  and  still  exist  to  a  considerable  extent  in  some  of  the  cities 
and  provincial  towns  in  England.  They  afford  a  fairly  good  foothold  for 
horaes,  but  the  roughness  of  the  surface  makes  travelling  over  them  very 
unpleasant 

This  paving,  which  possesses  the  merit  of  cheapness,  is  easily  displaced 
by  the  action  of  the  traffic  and  frost,  owing  to  the  irregular  shape  of  the 
stones,  and  the  inevitable  large  joints,  while  at  the  same  time  a  considerable 
expenditure  of  tractive  energy  is  required  to  move  loads  over  them.  For 
the  same  reasons  it  is  almost  impossible  to  keep  the  surface  in  a  clean  and 
sanitary  condition. 

418.  It  was  found  that  the  increasing  vehicular  traffic  in  many  of  the 
larger  towns  entailed  a  greater  cost  for  maintenance  each  year,  while  the 
discomfort  and  noise  of  the  boulder  pavements,  the  irregularities  caused 
through  wear  on  macadamized  roads,  and  the  manufacture  of  mud  and  dust 
in  certain  seasons  of  the  year,  led  to  the  substitution  of  a  more  suitable 
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class  of  material  in  the  form  of  'cubed  granite'  or  'setts'  for  making 
carriageways  and  streets. 

This  class  of  paving  was  first  introduced  into  London  in  1824  by  Telford 
and  laid  in  Hanover  Square,  although  it  is  recorded  that  a  pitched  pavement 
was  constructed  in  that  city  in  1762,  replacing  an  old  cobblestone  pavement 
The  stones  or  setts  then  used  were  much  larger,  compared  with  the  practice 
at  the  present  time,  being  generally  from  6  to  8  inches  wide,  9  inches  deep, 
and  12  inches  long. 

The  earlier  pavements  laid  in  London  and  other  towns  were  constructed 
in  the  following  manner : — ^Af ter  the  soil  had  been  removed  to  a  proper  dept^ 
and  the  foundation  properly  prepared,  a  substratum  of  metalling  or  hard 
core  was  spread  generally  to  a  thickness  of  from  9  to  12  inches ;  in  streets, 
however,  which  had  to  bear  the  heaviest  traffic  the  bottoming  was  increased 
in  thickness  to  15  inches.  On  this  stratum  was  spread  a  coating  of  sand 
into  which  the  setts  were  bedded.  The  principal  thoroughfares  in  London 
at  that  period  (1828  to  1838)  were  thus  laid,  the  setts  being  of  Aberdeen 
granite,  6  to  7^  inches  wide  and  9  inches  deep. 

This  class  of  pavement  had  a  life  of  from  fourteen  years  in  Fleet  Street  to 
twenty-four  years  in  Canuon  Street ;  the  first  cost  averaged  from  lis.  to  17s. 
per  square  yaixl,  while  the  amount  expended  annually  for  repairs  up  to  the 
year  1840  was  l|d.  in  the  former  street,  and  Id.  per  square  yard  in  the  latter 
thoroughfare.  In  the  year  1854  the  annual  cost  of  maintenance  had  risen  to 
3d.  per  square  yard  in  Fleet  Street. 

These  paving  setts  when  lifted  were  re-dressed  and  used  again  in  some 
subsidiary  street  where  the  traffic  was  not  heavy,  where  they  had  a  further 
life,  which  in  some  instances  extended  to  about  fourteen  years,  making  a 
total  duration  of  about  thirty  years. 

In  many  cases  the  paving  setts  were  laid  directly  on  the  subsoil,  after 
this  had  been  formed  to  a  proper  contour,  and  the  joints  were  fiUed  with 
sharp  sand  or  fine  gravel. 

The  dimensions  of  paving  setts  were  reduced  about  the  year  1850  to  5 
inches  in  width,  subsequently  to  4  inches,  and  then  3  inches,  which  width, 
with  a  depth  of  7^  inches  and  a  length  not  exceeding  12  inches,  are, 
with  a  few  exceptions,  the  standard  sizes  of  paving  setts  employed  at  the 
present  time. 

The  system  of  laying  the  paving  direct  on  the  prepared  ground  and  even 
on  a  loose  stratum  of  hard  core,  although  still  followed  in  many  instances,  has 
been  gradually  superseded  by  forming  the  foundation  with  Portland  cement 
concrete.  The  thickness  and  strength  of  this  class  of  foundation  is  regulated 
according  to  the  amount  and  class  of  the  traffic  which  has  to  be  accommo- 
dated. 

419.  The  <Euston  Pavement.' — One  of  the  first  really  good  pitched 
pavements  made  in  London  was  that  known  as  the  'Euston  Pavement,' 
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which  was  constructed  in  the  following  manner : — ^The  ground  was  formed 
to  the  requisite  depth  and  had  the  same  curvature  as  the  surface  of  the 
intended  roadway  was  to  assume  when  finished.  Upon  the  prepared  ground 
a*coating  of  coarse  gravel  was  spread  4  inches  in  thickness  and  well  rammed. 
On  this  layer  another  coat  of  gravel,  mixed  with  a  small  quantity  of  chalk 
to  make  it  bind,  was  spread  and  rammed  as  in  the  former  case.  On  this 
stratum  was  placed  another  coat  of  fine  gravel,  upon  which  foundation  the 
setts  of  Mount  Sonel  granite  were  laid,  bedded  in  one  inch  of  fine  sand. 
The  size  of  the  stones  was  3  inches  square  and  4  inches  deep,  hammer 
dressed  and  squared,  set  close  together  and  laid  at  right  angles  to  the  kerb. 
The  stones  were  thoroughly  rammed  by  the  pavior,  the  whole  surface  being 
finished  by  spreading  over  it  screened  gravel  which  was  allowed  to  find  its 
way  into  the  joints  by  the  action  of  the  wheel  trafiic,  thereby  steadying  the 
whole  pavement.  The  cost  of  this  pavement,  including  foundations,  is 
stated  to  have  been  12b.  per  square  yard. 

420.  Width  of  Carriageways. — ^The  width  of  carriageways  in  cities  and 
provincial  towns  varies  according  to  the  requirements  and  character  of  the 
traffic,  and  may  be  from  16  feet  to  40  feet  (being  generally  a  multiple  of  8 
feet),  which  is  considered  ample  for  vehicles,  travelling  rapidly,  to  pass  each 
other  safely. 

421.  The  Congestion  of  Street  Traffic. — The  congestion  in  many  streets 
from  the  enormous  expansion  of  the  traffic  in  the  leading  thoroughfares  of 
London  and  other  cities  is  becoming  more  serious  every  year.  This  state 
of  matters  has  called  forth  an  expression  of  opinion  that  new  main  thorough- 
fares should  be  constructed  having  a  width  of  from  80  feet  to  125  feet, 
diverging  in  different  directions,  in  order  to  adequately  accommodate  the 
pressure  of  wheel  traffic,  which  is  getting  heavier  every  year  and  in  many 
instances  becoming  unmanageable.  By  such  an  arrangement  the  vexatious 
delays  experienced  at  present  would  be  greatly  reduced,  if  not  altogether 
removed. 

The  general  practice  at  present  in  London  and  in  many  other  large  towns, 
where  the  wheel  traffic  is  continuous,  is  to  widen  the  carriageways  at  the 
intersections  of  the  streets,  which,  besides  admitting  of  refuges  or  resting 
places  being  provided  for  the  convenience  of  pedestrians  crossing  the 
thoroughfare,  regulates  and  expedites  the  movements  of  vehicles  at  these 
points. 

Wide  streets  add  materially  to  the  health  of  the  inhabitants,  and,  in  a 
measure,  remove  the  crowded  appearance  so  common  in  many  old  towns, 
while  the  greater  space  between  the  buildings  gives  dignity  and  an  air  of 
comfort  to  the  surroundings. 

422.  Oradients  and  Contour.— For  the  purposes  of  wheel  traffic  the 
best  form  of  longitudinal  and  cross-section  would  naturally  be  that  of  a  level 
line,  as  any  inclination  produces  friction  and  consequently  additional  traction, 
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and  causes  wear  and  tear  of  hones  and  vehicles.  As,  however,  the  surface 
water  must  be  drained  rapidly  from  the  thoroughfare,  especially  after  a 
heavy  rainfall,  a  certain  amount  of  inclination,  both  longitudinally  and 
transversely,  is  necessary.  The  contour  usually  given  to  a  street  varies  from 
-^  to  ^  of  its  width,  that  is,  between  the  kerb  on  each  side,  according  to 
the  longitudinal  gradient^  while  in  many  cases  a  radius  of  300  feet  is 
adopted.  This  Utter,  on  a  carriageway  40  feet  wide^  gives  a  rise  of 
7^  inches  at  the  crowu,  but  this  is  excessive  under  normal  conditions.  On 
this  width  of  thoroughfare  a  rise  of  6  inches  is  considered  sufficient, 
increasing  at  points  to  7  or  8  inches,  where  gullies  are  placed  to  collect  and 
dispose  ^  the  surface  water. 

The  standard  contour  adopted  in  Liverpool,  where  pitched  pavements  are 
almost  exclusively  used,  is  shown  in  fig.  123a,  the  rise  or  vendue  being  fixed 
at  1  in  48  from  the  channel  to  the  crown. 

The  longitudinal  section  of  a  street  should,  whenever  practicable,  have  a 
gradient  of  not  less  than  1  in  120  to  1  in  150  in  order  to  give  effective  and 
speedy  drainage  at  the  channels;  when  the  gradient  is  flatter  a  greater 
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Fio.  123a.— Contour  adopted  for  streets  in  Liverpool. 

number  of  gullies  will  be  necessary  to  properly  discharge  the  surface  water. 
On  very  hilly  carriageways,  owing  to  the  great  rush  of  surface  water  after  a 
heavy  rainfall,  more  gullies  of  large  capacity  are  likewise  necessary  to 
intercept  the  water  and  detritus,  compared  with  streets  having  only  a 
moderate  gradient 

The  crown  level  longitudinally,  if  at  all  practicable,  should  be  uniformly 
maintained  from  street  to  street  in  order  to  avoid  undulations  which  greatly 
interfere  with  the  free  passage  of  vehicles. 

428.  The  location  of  an  exusting  street  in  a  city  or  town,  ovnng  to  the 
topographical  features,  does  not  at  times  admit  of  a  comprehensive  system 
of  gradients  being  established.  In  villages  and  suburban  districts,  which  in 
the  course  of  time  may  be  merged  within  the  boundaries  of  an  adjoining 
town,  the  widths  and  gradients  should  be  adjusted  previous  to  the  process 
of  improvements  and  re-building  operations  being  commenced,  which  sooner 
or  later  will  in  all  probability  take  place. 

The  difficulty  of  obtaining  suitable  gradients  in  many  cases  is  very  great, 
especially  where  an  existing  building  has  been  erected  so  as  to  avoid  under- 
building, the  floor  level  of  which  may  be  either  too  high  or  too  low  for  any 
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prospective  improvemente  in  the  gradient  of  the  street  Exoessiyely  deep 
cuttings  or  high  embankments  ^hich,  if  executed  to  give  a  uniform  and  easy 
gradient^  would  naturally  affect  the  value  of  the  aii^oining  property, 
may  demand  steeper  gradients  than  would  be  permissible  under  ordinary 
circumstances. 

It  should  be  the  aim  of  those  in  authority  to  endeavour  to  fix  a  system 
of  gradients  convenient  for  the  traffic  generally,  rather  than  to  consider  the 
interest  of  any  particular  individual. 

In  most  instances  the  work  of  construction  in  forming  streets  is  under- 
taken aud  carried  out  by  contractors  by  an  offer  at  schedule  prices,  so  that 
detailed  information  as  to  the  different  methods  adopted  by  them  in 
executing  the  work  is  not  considered  necessary.  The  more  important 
operations  and  other  relative  matters  will  be  given  when  it  is  considered 
essential  to  further  elucidate  the  general  description  of  any  particular  class 
of  work, 

424.  Formation  of  Oarriageways.— The  ground  on  which  the  street  is 
to  rest  is  prepared  by  excavating  or  making  up  as  may  be  found  necessary 
to  the  lines  and  levels  shown  upon  the  plan  and  section.  This  applies  to 
both  new  and  the  re-making  of  existing  carriageways,  except  in  the  case 
where  concrete  has  already  been  employed  as  a  foundation,  the  ground 
being  made  thoroughly  solid  by  steam-rolling.  When  a  soft  or  unsuitable 
subsoil  is  met  with  in  the  bed  of  the  roadway  it  should  be  removed  to  such 
an  extent  and  depth  as  may  be  found  necessary,  the  voids  being  replaced 
with  hard  sound  material.  Where  it  is  necessary  to  embank  the  roadway, 
the  filling  should  be  done  in  layers  not  exceeding  6  inches  in  thickness,  well 
pounded  or  rolled,  water  being  applied,  if  necessary,  after  each  layer  has  been 
deposited. 

The  depth  of  excavation  or  height  of  embankment,  or  the  general 
levelling  of  the  ground,  is  determined  beforehand  by  fixing  gradient  or 
boning  pegs  at  the  formation  level  of  the  roadway.  Previous  to  commencing 
the  construction  of  the  foundation,  whether  of  concrete  or  any  other  material^ 
gradient  and  contour  pegs  of  wood  or  iron,  generally  the  latter,  are  fixed  at 
reguhtr  distances  apart  of  from  5  to  8  feet  between  the  kerbs  or  channels  on 
either  side  of  the  roadway.  These  pegs  are  fixed  so  that  the  top  of  each 
represents  the  finished  surface  of  the  carriageway,  while  a  distinctive  mark 
or  a  second  peg  alongside  of  the  others  shows  the  depth  of  the  concrete  or 
other  material  forming  the  foundation. 

In  ground  of  a  retentive  nature,  or  where  there  is  any  likelihood  of  water 
gaining  access  to  the  foundation,  a  subsoil  drain,  properly  trapped,  should  be 
formed  and  connected  to  the  main  drain.  These  subsoil  drains  are  generally 
placed  under  the  kerb  or  channels,  the  trench  being  filled  up  to  formation 
level  with  small  stones. 

425.  FoundationB. — The  best  foundation  for  any  class  of  paved  roadway 
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IB  (1)  Portland  cement  concrete,  althoogh  many  other  kinda  of  material  are 
employed,  snch  as  (2)  Mton,  (3)  bituminous  concrete,  (4)  hand-aet  rubble 
bottoming,  and  (5)  macadam  or  gravel  and  furnace  cinders  consolidated  by 
steam-rolling. 

Portland  Cement  Concrete  Fonndationa. — For  first-class  work  on 
thoroughfares  beariug  a  heavy  traffic,  the  best  foundation  is  Portland 
cement  concrete  composed  of  from  three  to  four  parts  by  measure  of  gravel  or 
stones,  generally  metalling,  and  one  or  more  parts  of  clean  sharp  sand  mixed 
with  one  part  of  cement.  When  this  proportion  is  adopted,  the  concrete,  laid 
to  a  thickness  of  6  inches,  is  considered  sufficient;  but  should  a  weaker 
composition  be  employed,  consisting  of  five  parts  of  stone,  two  parts  of  fine 
gravel  or  sand  mixed  with  one  part  of  cement,  then  the  thickness  must  be 
increased.  Where  the  carriageway  is  subjected  to  a  less  heavy  traffic,  or  the 
thoroughfare  is  not  so  important,  6  inches  of  concrete  mixed  in  the  latter 
proportions  is  generally  made  use  of. 

The  foundation  of  a  paved  street  takes  the  weight  of  the  traffic  and 
gives  stability  to  the  pavement.  Portland  cement  concrete,  if  composed  of 
good  materials  and  carefully  spread,  will  practically  last  for  generations. 

426.  (1)  Preparing  Portland  Cement  Concrete. — The  material,  inde- 
pendent of  the  proportions  adopted,  is  prepared  by  being  mixed  on  bankers 
or  boarded  platforms  of  suitable  size,  sufficient  to  admit  of  the  concrete 
being  turned  over  the  requisite  number  of  times  in  one  direction,  and  at 
the  same  time  allow  of  three  batches  being  prepared  at  one  time. 

The  materials  should  be  gauged  in  boxes  of  a  size  necessary  to  secure 
the  proper  proportion  of  the  ingredients,  which  are  then  heaped  up  together 
and  turned  over  twice  in  a  dry  state,  once  while  being  watered,  and  three 
times  wet  before  being  loaded  into  barrows  or  cast  upon  the  formation 
bed.  When  mixing  the  ingredients,  the  water  should  be  added  in  a  careful 
manner  by  being  applied  through  a  finely  perforated  rose  nozzle,  under 
very  moderate  pressure  and  in  limited  quantities,  so  as  to  obtain  a  thoroughly 
plastic  and  incorporated  mass.  The  concrete  should  be  thoroughly  con- 
solidated in  situ  with  heavy  bec^ters,  formed  to  the  proper  contour  of  the 
street  and  smoothed  over  with  a  flat  shovel,  so  as  to  present  an  even  surface 
for  the  setts  to  be  bedded  on.  Any  irregularities  which  may  appear  on 
the  surface  after  the  concrete  has  been  placed  in  position  should  be  made 
good  with  fine  material  before  the  concrete  proper  has  set  or  become  hard. 

Concrete  should  be  deposited  in  position  immediately  after  being  mixed 
in  a  wet  state,  otherwise  it  may  have  become  partially  set  and  will  be  con- 
sequently of  inferior  strength. 

The  surface  of  a  concrete  foundation  is,  after  completion,  according  to 
the  nature  of  the  weather,  sprinkled  with  water  from  time  to  time  so  as 
to  assist  the  ultimate  hardening  of  the  mass.  In  hot  weather,  or  during 
t}ie  prevalence  of  frost,  the  surface  of  the  concrete  should  be  protected  by 
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being  covered  with  old  cement  bags.  When  the  former  condition  of 
weather  prevails,  it  is  usual  to  saturate  the  bags  with  water  until  the  whole 
mass  is  thoroughly  set 

Portland  cement  concrete  foundations  are  generally  allowed  to  remain 
from  six  to  ten  days  so  as  to  properly  set  before  the  laying  of  the  paving 
is  commenced.  The  exigencies  of  the  traffic,  however,  occasionally  demand 
that  the  time  occupied  in  executing  the  work  should  be  shortened.  This 
necessarily  means  that  the  proportion  of  cement  to  the  other  ingredients 
should  be  increased,  and  consequently  adds  to  the  cost  of  the  work.  The 
laying  of  the  setts  may  be  commenced  the  day  following,  but  it  is  advisable, 
even  when  the  stronger  proportioned  concrete  is  adopted,  to  allow  it  three 
clear  days  to  harden  before  proceeding  to  lay  the  paving. 

The  Portland  cement  used  for  concrete  foundations  is  generally  specified 
to  bear  a  tensile  strain  of  not  less  than  350  lbs.  on  the  square  inch,  after 
having  been  gauged  neat  with  about  20  per  cent  of  its  own  weight  of 
water  and  allowed  to  stand  one  day  in  air  and  seven  days  in  water.  It 
should  be  ground  so  finely  that  no  more  than  15  per  cent  residue  is  left 
on  a  sieve  of  5800  meshes  per  square  inch.  The  storing  of  cement  is  of 
great  importance,  and  it  is  usual  for  the  engineer  or  surveyor  to  procure  a 
sample  of  each  consignment  for  the  purpose  of  testing  it  before  it  is  used. 

427.  (2)  B^ton. — This  description  of  foundation  is  also  used  for  pitched 
pavements.  It  has  been  adopted  in  Liverpool,  and  is  thus  described  by  Mr. 
H.  Percy  Boulnois,  formerly  the  City  Engineer  there  *  ; — 

"  The  ground  having  been  prepared  in  the  usual  way,  and  the  channel 
and  kerb  stones  fixed  in  position,  a  stratum  of  stones  (which  should  by 
preference  be  of  a  non-absorbent  character),  broken  so  as  to  pass  all  ways 
through  a  3-inch  ring,  is  spread  evenly  over  the  surface  of  the  ground,  and 
upon  this  is  placed  a  layer  of  cement  mortar  mixed  in  the  proportions  of 
one  of  Portland  cement  to  six  of  fine,  sharp,  clean  gravel,  in  the  method 
to  be  described  hereafter.  Upon  this  layer  of  mortar  is  placed  another 
layer  of  broken  stone — the  whole  of  the  stones  in  each  layer  to  be  thoroughly 
watered  while  the  work  is  proceeding — and  this  stone  is  forced  into  the 
interstices  of  the  first  layer  by  the  use  of  flat  beaters  of  wrought  iron 
weighing  16  lbs.  each,  shaped  like  square  shovels  with  handles  at  an  angle 
of  33". 

"  This  process  is  repeated  until  the  proper  level  and  contour  is  reached, 
and  the  surface  is  finished  off  parallel  to  the  exact  curvature  of  the  carriage- 
way. The  foundation  thus  prepared  is  left  until  the  concrete  is  sufficiently 
set  or  hardened  to  receive  the  pavement,  which,  if  possible,  should  not  be 
less  than  ten  days,  although  this  period  may  be  shortened,  when  the 
exigencies  of  the  traffic  render  it  imperative,  by  strengthening  the  proportion 
of  cement  to  the  gravel,  care  to  be  taken  in  all  cases  to  periodically  water 
•  Cdrritigeioays  wnd  Fooiwayz,  by  H.  Percy  Boalnois,  O.E. 
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the  sorfaoe  of  the  concrete  to  assiet  the  ultimate  hardeuing,  and  in  very 
hot  weather  It  is  advisable  to  cover  the  surface  of  the  concrete  with  old 
cement  bags  thoroughly  saturated  with  water. 

**The  proportions  of  broken  stone,  gravel,  and  cement  used  in  such  a 
concrete  are  as  follows : — 

*'  Before  mixing — Broken  stone,  eight  parts ;  gravel,  six  parts ;  cement, 
one  part. 

^^  After  mixing — ^Broken  stones  and  gravel,  mixed  together,  eleven 
parts;. cement^  one  part;  three  parts  of  gravel  having  been  expended  in 
filling  the  interstices  of  the  stones." 

428.  (^)  Bituminous  GoDcrete.^Another  description  of  foundation 
extensively  used  as  a  substitute  for  cement  concrete  is  that  known  as 
bituminous  concrete.  It  is  carried  out,  after  the  usual  Revelling  of  the 
ground  has  been  completed  and  steam-rolled,  by  spreading  a  coat  of 
metalling^  6  to  9  inches  thick,  and  consolidating  it  in  a  dry  state  by 
ramming  or  by  rolling.  The  metalling  should  be  composed  of  clean 
broken  stone  of  a  size  to  pass  a  2^-inch  or  ^inch  gauge,  and  be  in  a 
thoroughly  dry  state.  A  boiling  mixture  of  pitch,  tar,  and  creosote  oil  is 
then  poured  or  floated  over  the  entire  surface  until  all  the  interstices  are 
filled,  and  over  that  a  thin  layer  of  small  stones  or  chippings  is  spread  and 
then  thoroughly  rolled  when  the  mixture  is  in  a  semi-liquid  state,  so  as 
to  effectively  incorporate  and  consolidate  the  whole  mass  into  a  smooth 
and  uniform  surface.  The  bituminous  mixture  for  this  class  of  foundation 
is  generally  applied  in  the  proportions  of  three  of  pitch  to  one  of  tar,  or 
three  and  one-half  of  pitch  to  one-half  of  creosote  oil.  As,  however,  the 
constitution  of  the  ingredients  varies  to  a  considerable  extent,  the  proportions 
mast  necessarily  be  modified  accordingly.  A  cement  concrete  foundation 
is  undoubtedly  superior  to  that  made  with  a  bituminous  mixture,  but  the 
latter,  although  more  expensive,  possesses  the  great  advantage  that  it 
admits  of  the  surface  being  used  for  laying  the  paving  immediately  after 
it  is  finished.  This  class  of  foundation,  therefore,  is  used  in  busy  thorough- 
fares where  the  stoppage  of  traffic  for  a  considerable  length  of  time  would 
cause  great  annoyance  and  obstruction  to  business. 

429.  (4)  Hand-set  Bubble  Foundations.— This  method  of  forming  a 
foundation  for  paved  carriageways  is  similar  to  that  employed  in  connection 
with  macadamized  roadways  and  generally  known  as  Telford's  system. 
The  hand-set  foundation,  or  bottoming,  consists  of  a  layer  of  single  rubble 
stones  of  a  uniform  depth,  varying  from  8  to  10  inches,  set  by  hand  to  form 
a  close,  firm  pavement.  The  stones  should  be  laid  with  their  broadest  sides 
downwards  in  parallel  lines  across  the  street,  breaking  joint  as  much  as 
practicable.  The  width  of  the  upper  part  of  the  stones  ought  not  to  be  more 
than  6  inches  nor  less  than  4  inches,  while  they  should  not  exceed  12  inches 
in  length.     After  having  been  set  closely  together,  the  stones  should  be  6rmly 
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wedged  up  by  inserting  au  iron  bar  in  all  poasible  places,  and  fixing  between 
the  stones  thus  parted  other  pieces  as  nearly  as  possible  of  the  same  depth 
as  the  pavement  or  foundation,  untU  the  whole  is  firmly  bound  in  position. 
Any  projections  formed  by  the  pinning  pieces  above  the  regular  pavement 
should  be  broken  oS,  care  being  exercised,  however,  not  to  disturb  or  loosen 
the  hand-^et  pitching.  It  is  advisable  not  to  carry  on  the  wedging  opera- 
tions within  a  distance  of  20  feet  from  the  face  of  the  work  being  laid. 
The  small  interstices  should  be  filled  with  granite  or  whinstone  chippings, 
or  with  pea  gravel  ^  inch  to  1  inch  gauge,  watered  and  steam-rolled  until 
a  perfectly  even  contour  and  smooth  surface  is  obtained.  Any  surplus 
binding  material  should  be  swept  ofiT,  so  as  to  leave  a  clean  hard  surface  on 
whic^h  the  paving  is  to  be  laid. 

480.  (5)  Macadam,  Oravel,  and  Oinder  Foundations. — Many  old 
macadamized  roads  which  have  a  sufficient  thickness  of  metalling  are  at 
times  utilized,  where  the  level  of  the  surface  permits,  as  a  foundation  for 
laying  a  pitched  pavement  upon.  Traffic-consolidated  roads  are  not  to  be 
depended  on,  and  are  invariably  lifted  and  the  material  screened  either  to 
be  made  into  concrete  or  to  be  re-applied  and  consolidated  by  rolling,  the 
large  percentage  of  small  or  useless  material  and  detritus  being  thus  got 
rid  of. 

The  method  generally  adopted,  however,  is  to  spread  a  coat  of  3-inch 
gauge  metalling  so  as  to  give  a  thickness  of  6  inches  when  consolidated, 
the  manner  of  accomplishing  which  is  fully  described  in  Part  I.  of  this 
treatise.  Chapters  VII.  and  YIII.  This  makes  a  very  efficient  and  cheap 
substitute  for  concrete,  and  so  long  as  the  subsoil  is  kept  free  from  water 
and  the  surface  drainage  properly  attended  to,  good  results  may  be  looked 
for  in  adopting  this  class  of  foundation.  Coarse  gravel  of  a  sufficient 
thickness,  to  which  is  added  at  times  a  small  quantity  of  chalk,  makes  a 
very  good  bottoming,  and  is  principally  used  where  such  material  can  be 
obtained  locally.  It  seldom  occurs  that  a  town  is  situated  where  the  subsoil 
is  composed  of  this  material.  Norwich,  however,  is  an  exception,  the 
strata  being  made  up  of  gravel  and  chalk,  which  forms  a  rough  natural 
concrete  on  which,  with  the  usual  bed  of  sand,  the  paving  is  laid,  dispensing 
with  the  usual  foundation  of  artificial  concrete.  The  natural  surface  or  bed 
of  many  streets  in  some  parts  of  Norwich,  to  prevent  local  yielding,  is 
treated  by  making  or  converting  the  foundation  into  concrete  by  flushing  the 
gravel  with  Portland  cement  g^ut. 

Furnace  cinders,  or  clinkers,  are  extensively  used  in  some  of  the 
manufacturing  towns  in  England  as  a  foundation  for  pitched  pavements ; 
this  class  of  material,  which  at  one  time  was  much  used  in  Scotland,  is  now 
rarely  employed  as  a  foundation  for  street  paving.  The  results  obtained 
are  said  to  be  fairly  good,  and  of  course  the  first  cost  is  reduced  to  a 
minimum. 
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481.  Paving  Setts  and  laying  a  Pitched  Pavement. — Previous  to 
describing  the  method  of  laying  and  jointing  a  pitched  pavement^  it  may 
be  advisable  to  give  the  following  particulars  in  regard  to  the  different 
sizes  of  stone  used  in  making  this  class  of  street  covering,  embracing  setts, 
cubes,  and  blocks,  and  the  area  which  one  ton  weight  of  each  class  will 
cover  in  square  yards.  It  must  be  remembered,  however,  that  the  specific 
gravity  of  the  stone  employed  may  vary  considerably,  consequently  the  area 
covered  as  stated  is  a  broad  average. 


Table  XLII. 

Sliowing  size  of  different  atones  adapted  for  pitched  pavements  with  the 
superficial  area  which  one  ton  wiU  cover,* 


Stone. 

Depth.    Width.         Length. 

Area  in  sqnare 

yards  which  one  ton 

will  pare. 

Setts, 

tt 

Cubes, 
II 
11 

Blocks, 

n 
ft 
)< 
II 

6    in.  X  8    in.  x  6  in.  to  7  in. 

5J  „    X  81  „    X 

^1  II    X  31  ,,    X           ,, 

71  ,,    X  81  „    X 

81  II    X  31  „    X       31  in. 

8J  ,,    X  3J  ,,    X       3i  ,, 

8|  „    X  8|  „    X       8j  „ 

4    „    X  4     „    X       4     „ 

4     „    X  4     „    X       6     „ 

4  ,,    X  8     ,,    X       8     ,, 

5  „    X  8     „    X       8    „ 

6  1,    X  8    „    X       8     „ 
61  II    X  31  „    X       81  „ 

4-6 
4-8 
3-6 
8  1 
67 
6-2 
6-8 
6-4 
8-6 
6-4 
4-4 
3-7 
8-26 

Cubes  and  blocks  are  extensively  used  for  crossings,  and  on  streets 
where  there  is  a  considerable  gradient  the  greater  number  of  joints, 
compared  with  ordinary  paving,  gives,  under  most  circumstances,  a  better 
foothold  for  horses,  the  hoof  having  but  a  little  way  to  slip  before  being 
arrested  by  a  joint.  On  the  foundation  prepared,  a  layer  or  cushion  bed  of 
fine  gravel  or  clean  sharp  sand,  one-half  to  one  inch  thick,  is  spread,  upon 
which  the  paving-stones  are  laid.  This  provides,  so  to  speak,  an  elastic 
bed,  and  conveys  the  pressure  equally  to  the  foundation  supporting  the 
pavement. 

The  stones  should  be  carefully  gauged  and  coursed,  laid  in  perfectly 
straight  lines  at  right  angles  to  the  centre  line  of  the  roadway,  and  set 
hard  with  proper  bond,  every  stone  breaking  joint  with  contiguous  ones. 
The  surface  of  the  setts  is  generally  laid  \  inch  to  ^  inch  above  the 
finished  level,  and  any  four  courses  taken  together  should  not  measure  more 

•  The  Municipal  and  Sanitary  Engineer's  Handbook^  by  H.  Percy  Boalnois,  C.E. 
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than  14  inches  for  3-inch  setts,  and  16  inches  for  3^-inch  setts,  from  centre 
to  centre  of  the  joints.  The  stones  to  be  used  should  be  sound  quarried 
granite,  syenite,  whinstone,  or  other  approved  material  of  uniform  colour, 
and  procured  from  quarries  producing  stone  of  equal  quality  and  durability. 
When,  as  sometimes  happens,  stones  from  two  or  more  quarries  are  intro- 
duced to  expedite  the  execution  of  the  work,  these  should  be  kept 
separate  when  laid.  All  stones  should  be  brought  to  a  regular  rectangular 
shape  with  a  reel  head  and  dressed  to  the  dimensions  specified. 

Paving  setts  are  sometimes  laid  diagonally  to  the  line  of  street,  or,  as 
it  is  termed,  in  'herring-bone'  fashion;  this  arrangement  admits  of  the 
stones  wearing  in  a  more  regular  manner,  but  the  foothold  is  not  so  good,  and 
it  is  more  expensive  to  lay. 

482.  The  jointing  of  a  pitched  pavement  demands  special  attention, 
as  by  its  proper  performance  will  the  stability  and  life  of  the  paving  to  a 
great  extent  depend;  and  it  is  now  generally  admitted  that  filling  the 
joints  with  asphalte  composition  is  superior  to  any  other  method  of  effect- 
ing this.  The  grouting  of  the  joints  with  such  a  mixture  not  only  makes 
them  impervious,  but  greatly  diminishes  the  noise  inseparable  from  this 
class  of  pavement  To  ensure  good  results  bituminous  grout  must  be 
applied  in  suitable  weather  only,  as  cold  and  wet  are  detrimental  to 
its  proper  execution.  The  success  of  pitch  grouting  depends  greatly  on  the 
efficiency  of  the  person  in  charge  of  the  apparatus  for  mixing  and  boiling 
the  composition.  Should  it  be  too  hard,  the  composition  will  pulverize  in 
cold  weather,  while  if  too  soft  it  will  run  and  become  sticky  in  hot  weather. 
The  object  to  be  attcuned  in  asphaltic  grouting  is  to  make  the  paving 
impervious  to  moisture  and  to  create  a  bond  between  the  setts  with  a 
degree  of  elasticity  sufficient  to  prevent  it  from  cracking.  Pitch  grout; 
when  properly  manipulated  and  applied,  possesses  the  quality  of  becoming 
sufficiently  hard  in  a  few  hours  after  making  the  joints,  so  that  traffic  on  the 
pavement  can  be  admitted  shortly  after  completion. 

The  method  of  effecting  this  kind  of  joint  is  performed  by  filling  the 
space  between  the  setts  with  clean  dry  shingle  or  chippings,  small  enough  to 
pass  through  a  |-inch  riddle,  but  not  so  small  as  to  pass  through  ^inch  mesh, 
and  entirely  free  from  dust  or  foreign  matter.  When  the  joints  are  thus 
filled,  either  by  the  material  being  brushed  or'  scraped  into  them,  the  setts 
should  be  carefully  beaten  down  to  a  solid  bearing  having  a  uniform  surface, 
and  the  joints  again  filled,  the  shingle  or  chippings  being  so  regulated  as  not 
to  reach  a  greater  height  than  one  inch  from  the  surface.  The  last  applica- 
tion of  shingle  or  chippings  must  be  perfectly  clean,  for  which  purpose  the 
screening  should  be  performed  in  water,  after  which  the  material  is  dried  in 
a  kiln  or  by  some  other  suitable  means  until  thoroughly  free  from  moisture. 
After  being  worked  into  the  joints,  and  previous  to  applying  the  bituminous 
grout,  care  should  be  taken  to  keep  the  chippings  or  shingle  perfectly  dry,  for 
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which  purpose  the  paving  should  be  covered  with  tarpaolins  when  necessary. 
The  pavement  being  now  ready  for  grontbig,  the  joints  are  filled  flnsh  ap  to 
the  snrfiioe  with  the  asphaltic  mixture  applied  in  a  boiling  state ;  and  this 
is  best  done  with  a  lipped  can,  care  being  taken  to  avoid  leaving  any  of  the 
composition  on  the  top  of  the  setts.  Grouting  the  joints  should  not  be  done 
within  at  least  six  feet  of  the  paviors.  The  whole  surface  of  the  pavement 
is  then  covered  with  a  thin  coating  of  sharp  sand,  which  completes  the 
operation. 

The  composition  of  bituminoos  grout  for  paving  purposes  varies  in  dififerent 
parts  of  the  country  according  to  the  constitution  of  the  ingredients  and  the 
climatic  conditions.  In  ordinary  circumstances,  the  composition  may  be  made 
in  the  following  proportions,  namely,  one  part  pitch  to  one  part  of  tar,  or 
three  of  pitch  to  one  of  creosote  oil.  Care  and  judgment  must  be  exercised, 
however,  so  that  the  mixture  will  be  of  such  a  consistency  as  to  set  hard  in 
a  few  hours  after  being  used,  and  yet  not  be  brittle.  Should  any  delay 
occur  in  the  application  of  the  mixture  when  sufficiently  boiled,  the  proper 
proportions  and  consistency  must  be  maintained  by  adding  extra  tar  from 
time  to  time. 

488.  Cement  Orout — ^The  operations  in  applying  cement  grout  are 
similar  to  those  described  in  the  preceding  paragraphs.  The  joints  are 
first  fiUed  with  chippings  or  shingle  worked  in  by  means  of  a  cramming- 
iron,  then  the  whole  surface  of  the  paving  is  covered  with  grout,  made  of 
Portland  cement,  or  lime  and  sand  in  the  proportion  of  one  part  of  cement 
or  lime  to  one  or  1^  parts  of  sand,  and  broshed  into  the  joints  with  a  stumpy 
broom. 

The  joints  of  a  pitched  pavement  grouted  with  cement  or  lime  mortar 
require  a  considerable  time  to  set  and  properly  adhere  to  the  setts  (generally 
from  five  to  six  days),  as  the  slightest  disturbance  caused  by  vibration  or  the 
passage  of  vehicles  over  it  when  the  grout  is  in  a  green  state  will  seriously 
affect  its  efficiency  as  an  .impervious  pavement.  Any  yielding  of  the  founda- 
tion or  subsoil,  and  at  times  the  effect  experienced  of  heavy  individual  loads 
passing  over  the  pavement,  will  tend  to  disintegrate  the  material  forming  the 
joint  and  admit  of  surface  water  finding  its  way  to  the  under  bed  of  the 
pitching,  which  will  adversely  affect  the  durability  of  the  pavement.  Filling 
the  joints  with  cement  or  lime  grout  can  be  carried  out  at  any  time  except 
during  the  prevalence  of  frost. 

484.  Forming  the  Joints  with  Sand. — When  the  foundation  is  composed 
of  metalling,  gravel  or  furnace  cinders,  consolidated  by  steam-rolling,  the 
joint-filling  generally  consists  of  rough  sand  or  very  fine  gravel  The  sand 
is  usually  washed  and  scraped  into  the  joints,  the  paving  being  carefully 
beaten  down  to  a  firm  unyielding  bed  and  uniform  surface,  and  the  joints 
again  filled  flush.  The  sand  should  be  washed  into  the  joints  by  means  of 
a  small  rose  nozzle,  and  be  scraped  or  crammed  in  with  a  thin  iron  tool.     As 
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this  kind  of  joint-filling  material  is  perrioua,  it  should  be  adopted  only  in 
streets  where  the  traffic  is  light,  as  water  percolating  to  the  under-bed  will, 
sooner  or  later,  injuriously  affect  the 
foundation. 

485.  Advantages. — ^Unquestionably 
a  roadway  paved  with  granite  or 
syenite,  properly  laid  upon  a  hard  con- 
crete foundation,  forms  the  cheapest 
pavement  in  ultimate  cost  of  any,  and 
in  a  less  degree  with  setts  produced 
from  basalt  or  whinstone,  especially 
where  the  traffic  is  heavy.  In  many 
respects  this  form  of  street  covering 
answers  nearly  all  the  requirements  of 
traffic,  and  its  chief  advantages,  in  ad- 
dition to  durability  as  a  paving  mate- 
rial, are  that  it  is  adaptable  to  almost 
any  gradient,  and  that  it  gives  a  good 
foothold  to  horses.  It  is  also  compara- 
tively hygienic,  yields  but  little  dust 
or  mud,  and  is  fairly  easily  cleansed. 

The  life  of  a  granite  sett  pavement 
varies  with  the  amount  and  character  of 
the  traffic,  but  from  fifteen  to  twenty-five 
years  may  be  taken  as  the  time  that  will 
elapse  before  it  is  necessary  to  renew  the 
pavement.  During  this  period,  however, 
the  setts  will  require  to  be  lifted,  and  the 
wearing  surface  re-dressedand  again  laid. 

486.  Objections. — The  objections  to 
this  pavement  are  not  numerous,  but 
they  are  far-reaching  and  important. 
The  surface  of  a  pitched  pavement  after 
being  in  use  for  some  time  becomes, 
under  certain  atmospheric  conditions, 
very  greasy  and  slippery.  It  is  a 
paving  which  is  detrimental  to  horses, 
and  at  the  same  time  one  which  dete- 
riorates and  reduces  the  life  of  all 
rolling  stock  that  passes  over  it.  The 
incessant  noise  from  the  wheel  traffic 
and  the  iron  shoes  of  horses  striking  upon  it  is  such  that  thoroughfares  80 
paved  cause  great  annoyance,  amounting  in  many  instances  to  an  intoler- 


3l6  ROAD   MAKING  AND   MAINTENANCE. 

able  nuisance,  to  boBiness  people  and  tradesmen  whose  premises  adjoin  or 
abut  on  the  street.  This  clearly  points  to  the  necessity,  so  far  as  noise  is 
concerned,  of  employing  some  other  kind  of  paving  for  carriageways  in  good 
residential  quarters  or  where  business  premises  and  shops  exist.  For  streets 
passing  through  manufacturing  districts,  the  undoubted  advantages  of  a 
pitched  pavement  greatly  outweigh  the  defects  mentioned.  Fig.  124  shows 
a  cross-section  of  a  first-class  pitched  pavement. 

487.  Quality  of  Setts  and  Source  of  Supply. — Local  circumstances  often 
determine  the  kind  of  stone  to  be  made  use  of  as  a  paving  material; 
consequently  the  cost  of  forming  a  pitched  pavement  will  vary  according  to 
these  circumstances  and  the  distance  from  the  source  of  supply.  Great  care 
and  judgment  are  necessary  in  selecting  a  stone  for  paving  setts  for  any 
particular  locality,  and  regard  must  be  had  to  the  class  of  traffic  to  be  accom- 
modated and  the  climatic  conditions,  especially  when  the  material  is  obtained 
from  any  new  source  of  supply.  The  igneous  and  metamorphic  rocks  of  a 
hard  description,  and  containing  a  high  percentage  of  augite  or  hornblende 
and  orthoclase  felspar,  are  those  principally  employed,  although  many  other 
kinds  of  stone  are  U3ed. 

These  generally  comprise  granite,  syenite,  basalt,  whinstone,  while  paving 
setts  are  sometimes  made  from  millstone  grit  and  other  sedimentary  rocks 
which  are  used  in  places  where  the  traffic  is  light.  Many  of  the  hardest 
and  most  durable  stones  have  been  discontinued  in  London  and  Liverpool 
owing  to  the  surface  of  these  wearing  smooth  and  becoming  slippery,  even 
under  normal  conditions  of  traffic  and  weather.  This  is  notably  the  case 
with  the  old  blue  Penmaenmawr  stone,  which,  however,  is  not  now  much 
used  for  setts,  but  is  principally  manufactured  into  kerbs  and  channels.  On 
the  other  hand,  Aberdeen  granite  setts  are  preferred  in  London  to  Mount 
Sorrel  and  Quernsey  granite,  although  the  latter  is  more  durable,  because  the 
surface  remains  rough  even  after  considerable  wear.  It  is  also  much  less 
expensive  to  cleanse  than  Guernsey  and  the  other  kinds  of  granite  used  for 
paving.  Whinstone  setts  are  greatly  used  in  provincial  towns  where  the 
traffic  is  not  excessive,  and  a  pavement  made  with  this  material,  although  it 
wears  much  faster  than  granite,  invariably  maintains  a  rough  surface,  and, 
consequently,  does  not  become  slippery  like  the  granite  already  mentioned. 

The  principal  sources  of  supply  for  granite  and  whinstone  paving  setts 
are  as  follows  : — 
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Name  of  Quarry  and  kind  of  Stone. 

Locality. 

England  and  fFales— 

Mount  Sorrel,  granite, 

Leicestershire 

Stoney  Stanton,  „          .... 

yj 

Enderby,              „          .... 

II 

BardonHiU,        „          .... 

Chamwoody          „           .... 

" 

Penmaenmawr,     „      (quartz  diabase),    . 

Carnarvonshire 

PwllheU,              „      (ophitic  diabase). 

II 

CleeHiU,              „      (basalt). 

Shropshire 

S^P'   ,        .       "           .... 

Westmorland 

Whinsill  Dyke,  whinstone  (diabase), 
Gleyeland  Dyke,       „        (augite,  andesite), 

Durham 

Yorkshire 

SeoUand— 

Aberdeen  and  District,            (granite),    .        .        .        . 

Aberdeenshire 

Bonawe,  Loch  Etive,                      „ 

Argyllshire 

Crarae  and  Fumess,  TiOch  Fyne,    ,, 

ti 

Dalbeattie, 

Kirkcudbrightshire 

Greetown,                                       „ 

„Kilsyth, 

Stirlingshire 

Most  of  the  counties  in  Scotland  produce  whinstone  setts, 

those  from  which  the  greater  quantity  is  supplied  being 

Lanark,  Fife,  Midlothian,  Ayr,  and  Dumbarton. 

Ireland — 

Newry,                                     (granite),    .... 

Co,  Down 

Gastlewellan,                                  „          .... 

^^ 

Arklow,  .                                       „          .        .        .        . 

Co.  Wicklow 

Channel  Islands— 

St  Samson,  Vale  Castle,          (granite),    .... 

Guernsey 

Herm,                                            „          .... 

II 

Ronez,                                           „         .... 

Jersey 

LaMoye,                                       „          .        .        .        . 

Aldemey 

488.  Besides  these  sources,  capable  as  they  are  of  furnishing  all  the 
material  required  in  this  country  for  the  making  and  repairing  of  carriage- 
ways, a  great  quantity  of  setts,  kerbs  and  channels  is  annually  imported 
from  Belgium,  Norway,  France,  Botterdam,  and  the  quarries  on  the  Rhine 
(thirty-two  in  number)  worked  by  the  London  Basalt  Stone  Company. 

489.  Cost  of  Pitched  Pavements  — Earthworks.  — The  excavation, 
filling,  and  levelling  depend  entirely  on  circumstances,  and  no  definite 
price  per  cubic  yard  can  be  stated  for  this  class  of  work. 

Foundations. — As  already  mentioned,  the  cost  of  providing  a  pitched 
pavement  on  a  concrete  foundation  varies  according  to  the  locality  where  the 
work  is  carried  out  and  the  source  from  which  the  materials  are  obtained. 
The  cost  of  Portland  cement  concrete  does  not  vary  so  much  when  suitable 
material  can  be  had  within  reasonable  distance ;  it  may  be  taken  to  be  from 
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Is.  6d.  to  28.  per  square  yard,  6  iDches  deep,  when  the  metalling  or  gravel 
can  be  procured  for  4s.  per  ton.  When  this  material  has  to  be  brought  a 
considerable  distance  the  price  may  be  as  much  as  9s.  to  10s.  per  ton ;  then 
the  cost  for  a  similar  thickness  of  concrete  will  amount  to  about  2s.  6d.  or 
Ss.  per  square  yard, 

140.  Bituminous  concrete,  for  similar  reasons,  varies  in  price  from  28.  4d. 
to  3s.  dd.  per  square  yard  laid  to  a  depth  of  six  inches.  The  cost  of  forming 
a  foundation  of  pitched  rubble  or  of  metalling  will  be  found  in  Chapter  VIIL, 
Parti. 

441.  Paving  Setts. — The  price  per  ton  of  paving  setts  delivered  in  any 
particular  town  depends  on  the  measurements  to  which  they  are  dressed  and 
the  distance  from  the  source  of  supply.  The  price  per  ton  for  the  different 
sizes  used  in  the  construction  of  carriageways  is  given  for  the  following 
cities : — 

Table  XLIV. 


Source  of  Supply. 


Setts 

6  in.  X  8  in. 

toS^in. 


Blocks 
5  in.  X  6  in. 


Cubes 
4  in.  X  4  in.  x  4  in. 


City  of  London — 
Aberdeen  granite, 
Guernsey  granite, 
Mount  Sorrel  granite, 
Enderby, 


Oltugow — 

Crarae,  Fumess,or  Bonawe  (granite), 

Edinburghr^ 

Eemnay,  Aberdeen  (granite), 
Ratho  and  Rayelrig  ( /„v,«„.*^«^x 
Midlothian  { ('^hin-tone), 

Ihmdee— 

Aberdeen  granite, 

Pitroddie,  Devonshaw,  and  St 
Mar^ret's  (Inyerkeithing) 

(whinstone),      .... 

Aberdeen — 

Rnbislaw,  Caimey,  Cove,  Eemna^, 
Danciuff  Cairns,  Dyce,  Corrennie, 
and  Hill  of  Fare  (granite), 


8.  d. 

86  0 

80  0 

81  0 
31  0 


22s.  to  28s. 

28    0 
14    0 

16    0 
12    0 


8    6 


8,  d, 

80  0 

26  0 
29  0 

27  0 


26    0 


8    0 


6    2 


8.  d, 

86  0 

80  0 

80  0 

27  0 


25    0 


16    6 


7    6 


The  price  per  square  yard  for  the  paving  material  will  therefore  be,  at 
present  prices,  for  setts  in  London  lOs.,  and  in  Aberdeen  28.  5d.  per  square 
yard,  and  foe  cubes,  6s.  8d.  and  Is.  5d.  per  square  yard  respectively. 

The  cost  per  square  yard  of  a  sett  pavement,  including  a  concrete 
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foandation,  laying  and  jointing,  will  of  course  vary  according  to  the  price  of 
the  stones  per  ton  and  the  wages  paid  in  different  cities  and  towns.  The 
joint  filling  averages  about  Is.  2d.  to  Is.  4d.  for  grouting  with  Portland 
cement  mortar,  and  Is.  6d.  to  Is.  Sd.  for  bituminous  grout 

442.  The  amount  expended  in  the  annual  maintenance  of  paved  streets 
depends  on  the  volume  of  traffic  which  the  pavement  has  to  sustain,  and 
other  circumstances.  It  is  necessary,  in  arriving  at  the  ultimate  or  com- 
parative cost,  to  give  statistics  of  first  cost  and  outlays  for  actual  repairs 
executed  from  time  to  time,  and  the  cost  of  lifting  and  relaying  of  the 
pavement,  owing  to  the  surface  becoming  irregular  or  depressions  being 
formed,  once  or  twice  during  the  actual  or  calculated  lifetime  of  the  pave- 
ment. 

448.  The  amount  expended  annually  per  square  yard  in  cleansing  the 
surface,  a  very  variable  item  with  the  difierent  kinds  of  granite  employed, 
should  also  be  included,  while  the  sanding  of  the  surface,  especially  on  gradients, 
to  afford  better  foothold  under  unfavourable  conditions  of  weather,  should, 
in  addition,  be  embraced  under  this  item. 

The  cost  of  cleansing  the  surface  of  a  street  paved  with  Ouemsey  granite 
amounts  to  2^d.  per  square  yard  annually  more  than  that  in  the  case  of  a 
thoroughfare  paved  with  Aberdeen  granite  setts.  On  some  of  the  streets 
situated  on  a  gradient  in  the  city  of  London,  the  cost  of  sanding  is  stated  to 
amount  to  about  £6  per  mile  annually. 

Aberdeen  granite  paving,  although  it  wears  under  heavy  traffic  to  a 
greater  extent  than  Guernsey,  is,  nevertheless,  eminently  suitable  for 
carriageways  where  a  good  and  safe  foothold  is  of  primary  importance,  and 
particularly  for  steep  gradients. 

Paving  setts  which  have  been  exposed  to  heavy  and  continuous  wheel 
traffic  for  a  number  of  years,  when  taken  up  are  found  in  most  instances  to 
require  a  certain  amount  of  repressing.  This  is  caused  by  the  wear  of  the 
top  of  the  setts,  the  amount  of  which  will  vary  according  to  the  nature  of 
the  stone,  the  manner  in  which  the  pavement  has  been  laid,  their  position 
in  any  particular  thoroughfare,  and  the  character  of  the  traffic.  Setts 
which  have  been  paved  with  wide  joints  are  found  to  be  considerably  worn 
or  rounded  on  the  arrises,  to  the  extent  of  I^  inch  in  some  cases,  which 
entails  a  large  waste  of  material  in  re-dressing  them  to  a  rectangular  form. 

444.  The  following  Table  XLY.  gives  the  first  cost,  description  of 
foundation  and  class  of  setts  used,  annual  repairs,  cleansing,  and  the  lif el$me 
of  carriageways  paved  with  setts,  so  far  as  can  be  obtained,  in  the  chief 
cities  and  towns  of  the  kingdom.  The  order  is  that  of  the  population  of  the 
towns  mentioned. 
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Table 


Kaiob  Of  Town. 


First  oott  of  Mtt  paving  per 
■qnare  yard. 


Deicriptton  of  foundation  and  liae 
of  setts  in  inches. 


1.  London—Hammenmith,    . 
,,        Holbom, 

Lambeth,      .      . 

"        mie    Bod     (Old 

Town),       .      . 

„        Shoreditch.    . 

,,       Stoke  Newington, 

Strand, .      .      . 


StMartin's-ln-the- 
neld,  Charing 
Cross,  . 

St  Maiy,  Isling. 
ton,     . 


„        St  Pancras,    . 

„        Whitechapel,* 

2.  Glasgow,  . 

8.  Liverpool, 

4.  Manchester,    . 

6.  Bhmingham,  . 
6.  Sheffield,  . 


7.  Belfsst, 

8.  Bristol, 


9.  Edlnbnrgh, 

10.  West  Ham, 

11.  Dublin,     . 

12.  Bradford, 


IS.  yewcastle-on-Tyne, 
14.  Leicester, 


16.  Bolton,     . 
10.  Dundee,    . 

17.  Aberdeen, 


18.  Birkenhead,    . 

19.  Wolverhampton, 


20.  Coventry, . 

21.  Bury, 

22.  Hanley,     . 


16s.  indnding  foundation. 

14s.  6d. 

ISs.  7id.  on  existing  foundations. 

13s.  6d. 

17s.  including  fbundation. 

16s.  «d.  „ 

14s.  9d.  on  existing  foundation. 


16a- 

12s.  6d.  to  ISs.  Od.  on  existing  founda- 
tion. 
14s.  6d. 


14s.  7d. 

Granite— ISs.  6d.  to  14s.  Od.  Including 

foundation. 
Whinstone— 10s.  8d.  to  lis.  4d.  including 

foundation, 
lis.  to  18s. 

10s.  Od.  including  foundatlou. 

128. 

ISs.  Od.       „  „ 

15s.  to  20s.  including  foundation  and 
re-setting  kerbs,  etc. 

14s.  including  foundation. 


lOs.  Od.  on  existing  foundations. 
16s.  Od.  including  foundation. 


14s. 
12s.  Od. 


lis. 
8s.  Od. 


10s.  Od. 

10s.  Od.  to  ISs.  Od.  including  foundation. 

lU  9d.  to  12s.  Od. 


lis.  8d.  including  foundation  and  exca- 
vation. 

12s.  Od.  including  foundation. 

12s. 

10s. 


P.  c.  concrete  0  in.  deep,  6x7. 

„  0       „        8x7,  A. 

4x7,  A. 


8|x7. 
8x7,  A.,  G. 
4x7. 

8x9,  A 


Sx7,A,E.,G. 


„  and  blue  lias  lime  0  to  0 

in.,  8x0,  A. 
P.  c.  concrete  0  to  9  in.,  8x0,  G. 

P.  c.  concrete  0  in.,  8x7.  8x9,  A.,  G. 
P.  c.  concrete  4  to  0  in.  deep  84x8 
to7,B.,F. 

P.  c.  concrete  0  in.  deep,  4  in.  cubes, 
and8ix(»x5x7. 

Furnace  cinders  and  pinned  founda- 
tion, 8  to  8^x0. 

P.  a  concrete  0  in.  deep,  8x0. 

P.  c.  concrete  0  to  9  in.,  8x5x8,  and 
4  in.  cubes,  A.,  D.,  IL,  P.,  L,  w. 

P.  c.  concrete  9  in.  deep,  4x0. 

P.  0.  concrete  0  in.  deep,  8x6,  N.,  W. 


„  0       „        8x4x7,  A 

„  0       „       8x0  and  4x7, 

A.,G. 
P.  c.  concrete  0  in.  deep,  SJxO,  W. 

,,  0       „        8x0,  M.,  D„ 

T.,W. 
P.  &  concrete  0  in.  deep,  8x8. 
0       „        8x6. 

M  8       If        8x0. 

„  0       ,.        4X8^X0,  A., 

Pitroddie,  I. 
P.  c.  concrete  0  in.  deep,  4  in.  cubes 
and 8^x0,  A. 

„          0  „       various,  P. 

„          0  „       4  in.  cubes, 

and  8x7  on  gradients  exoeeding 
linSO. 
P.  c.  concrete  0  in.  deep. 

0  „       8x6,  P. 

„          0  „        8x6x0,    aU 
sorts. 


RSFBRENCB 

A.  Aberdeen.    B.  Bonawe.    D.  Dalbeattie.    Ds.  Devonshaw.    E.  Enderby.    F.  Fumess.    G.  Guernsey. 

*  This  Table  is  compiled  from  various  sources,  but  principally  from  an  article  on  '  Paving  of  Carriageways,' 
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XLV.» 


Detcription  of 
grouting. 


Annual  cost  of  maintenance  per 

square  yard :  (a>,  repairs ;  (bX 

,  oleansing  and  watering. 


Estimated  life 

of  sett  paving 

under  heavy 

traffic. 


SB1CABK8. 


Lime. 
P.  cement 


Lias  lime. 
P.  cement. 


Practically  nothing 
for  first  20  years. 

Id.  'average  for    8 
years. 


P.  cement  and  blue  lias, 

bituminous. 
P.  cement  and  pitch. 


(ItoSX 
and         bitu- 
minous. 


Bituminous. 

„        stone  and  chip- 
pings. 
P.  cement 
Pitch  and  tar. 

P.  cement  and  gravel 


and  bitumen 
combined. 


and  asphalt. 


P.  cement 
Bituminous. 


Broken  stone  with  bal- 
last or  gravel. 
P.  cement  and  bitumen. 

„  „      and 

chips. 

Bituminous. 

Pitch  and  broken  stone. 


Pitch. 

P.  cement  and  pitch. 
Bitumen  finished  with 
cement 


id. 
Id. 


NU    for     first     10 
years;   Id.   after- 
wards. 
About  6d.  combined. 


2i<i. 


4Jd. 


4d. 


8d. 
Id. 


6id.  durinff  life,  in- 
cluding first  cost. 
2d. 


Sd. 


lOd.  tols. 


I4d. 


8|d. 


25  years. 
i9  years. 


20     „ 

16  to  20  years. 


15  to  20  years. 

20  to  80  years. 

9  yean. 
26     » 

80      „ 

15  to  80  years. 

25 
20to26    „ 

20 
18 
30 


80  years. 
20     .. 


26     „ 

80     „ 

18  to  80  years. 

Depends  on  nature 
of  traffla 


40  to  60  years. 
80  years. 


Very  heavy  traffic. 


Setts  were  worn  6  to  6 
inches  when  lifted  after 
10  years'  service. 


Being  replaced  by  wood. 


Renewal  or  re-dresslng 
necessary  to  remove 
sUpperiness. 

Other  26  years  after  re- 
dressing and  relaying. 


Other  20  years  after  re- 
dressing and  relaying. 

Stones  require  to  be  re- 
dressed after  this  period 
of  service. 


Paved  with  good  granite. 
Granite  and  whlnstone. 

Whinstone  and  granite. 

Streets  have  lasted  over 
40  years  where  undis- 
turbed. 

Only  been  recently  laid. 
Dltta 


Table. 

I.  Inverkeithing.    H.  Mount  SorreL    K.  Newry.    P.  Penmaenmawr.    T.  Threlkeld.    W.  Welsh. 

by  Mr  H.  Biehardson,  which  appeared  in  The  Swrvtyor  and  Municipal  and  County  Engineer ^  24th  March  1809. 

X 


322  ROAD   MAKING   AND   MAINTENANCE. 

445.  From  the  foregoing  table  it  would  appear  that  the  average  lifetime 
of  a  granite  sett  pavement  in  the  City  of  London  is  18^  years,  the  longest 
being  25  years,  while  the  shortest  is  in  the  Wbitechapel  district,  where  the 
life  of  this  description  of  paving  is  stated  to  be  only  nine  years.  In  the 
former  two  cases  the  pavement  is  taken  up  and  relaid  once  during  the 
lifetime  mentioned. 

The  ultimate  annual  total  cost  for  laying  and  repairs  (taken  on  an 
average  of  the  different  districts  in  the  metropolis,  but  exclusive  of  excava- 
tion, foundations,  sinking  fund  and  interest)  may  be  stated  as  follows : — 

Table  XLVI. 

Pence. 
First  cost  148.  6d.  per  square  yard,  lifetime  18}  years,  .9*40 

Cost  of  repairs,         .  .  .      1  -60 

Lifting,  re-dressing  setts,  and  relaying;  Is.  per  square  yard,  0*54 

Cleansing  the  surface,  .3  00 

14-54 

or,  say.  Is.  2^d.  per  square  yard  annually  for  maintaining  the  covering  of  the 
street  in  good  repair,  but  if  the  price  of  the  foundation  is  included,  and  the 
probable  life  be  50  years  or  more,  the  cost  would  be  Is.  3^d. 

In  large  cities  and  provincial  towns  where  the  traffic  varies  from  heavy  to 
medium  and  light  vehicular  conveyances,  the  lifetime  may  be  stated  at  from 
25  to  40  years,  while  the  annual  cost  as  detailed  above  will  average  about 
Is.,  lOd.,  and  6d.  respectively,  the  first  cost  of  the  paving,  exclusive  of 
foundations,  averaging  from  12s.  6d.  to  7s.  6d.  per  square  yard. 

These  figures  clearly  show  that  pitched  pavements  constructed  alike  as 
regards  foundations  and  kind  of  material  used  for  making  the  setts  is  simply 
^  question  of  traffic.  Although  statistics  of  traffic  are  not  available  for  all  the 
i;owns  referred  to,  still  the  inference  points  to  that  conclusion. 


CHAPTER  X. 

WOOD  PAVEMENTS. 

446.  Carriageway  pavements  constructed  of  wood  were  introduced  into 
London  and  laid  on  Stead's  system  in  front  of  the  Old  Bailey  in  1839.  It 
is  stated,  however,  that  wooden  blocks  were  used  in  Russia  for  some  hundred 
years  previous  to  that  date,  while  in  America  wooden  street  pavements  were 
tried  experimentally  in  New  York  during  1835-6. 

Most  of  the  earlier  attempts  to  construct  a  pavement  with  blocks  of  soft 
wood  resulted  in  failure,  owing  to  the  inferior  quality  of  the  material,  com- 
bined with  the  careless  and  improper  methods  adopted  in  laying  the  blocks 
without  a  foundation  of  cement  concrete. 

From  the  time  when  wood  pavements  were  first  laid  in  the  metropolis 
many  different  forms  were  patented,  but  as  most  of  these  are  now  only 
known  by  name,  few  need  description  here. 

Of  late  years  the  introduction  of  Australian  hard  woods,  mostly  from 
trees  belonging  to  the  eucalyptus  family,  and  the  improvement  effected  in 
cutting  and  laying  the  blocks,  have  resulted  in  this  class  of  pavement  being 
extensively  used  in  many  of  the  cities  and  provincial  towns  in  the  kingdom. 

447.  Compared  with  the  other  pavements  of  recognized  merit,  wood  is 
practically  noiseless,  and  it  is  no  doubt  owing  to  its  possessing  this  quality 
that  it  has  been  so  extensively  employed  in  recent  years.  It  also  gives  the 
minimum  of  traction  of  any  pavement,  asphalte  excepted,  and  affords  a  good 
foothold  for  horses  under  varying  weather  conditions  when  the  surface  is 
kept  in  a  thoroughly  clean  state. 

The  following  are  some  of  the  wooden  pavements  referred  to  above. 

448.  Stead's  Wood  Pavement. — ^This  pavement  was  laid  on  a  bed  of 
gravel  3  inches  thick  on  ground  previously  levelled  and  well  beaten,  the  object 
of  this  layer  being  to  drain  the  surface  water  percolating  through  the  joints 
of  the  pavement.  The  blocks  of  wood  consisted  of  Scotch  or  Norway  fir, 
and  were  hexagonal  in  shape,  6  to  8  inches  across  and  from  3^  to  6  inches 
deep.  The  upper  edges  of  the  blocks  were  chamfered  and  grooves  were 
formed  across  the  wearing  surface  in  some  cases.     In  several  instances  there 
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was  a  concrete  foundation  3  inches  thick,  composed  of  small  broken  stones 
flashed  with  Ardwick  lime  or  Roman  cement.  Pavements  were  also  con- 
structed by  Stead,  composed  of  round  blocks  of  wood  placed  vertically  and 
laid  close  together,  the  interspaces  being  filled  with  sifted  gravel  or  sharp  sand. 

449.  De  Lisle's  Wood  Pavement.— This  consisted  of  blocks  the  upper 
and  under  surfaces  of  which  were  cut  diagonally  to  the  grain,  forming 
parallelepipeds,  placed  alternately  in  reversed  positions ;  two  holes  were  cut 
on  each  side  of  the  blocks,  and  dowels  or  trenails  inserted  in  these  locked  the 
blocks  together. 

450.  Carey's  Pavement — ^This  was  the  first  durable  wood  pavement  laid 
in  London,  many  of  the  streets  having  been  paved  with  it  in  1841  and 
subsequent  years.  It  consisted  of  pine  blocks  6^  to  7^  inches  wide,  13  to  15 
inches  long,  and  from  8  to  9  inches  deep  laid  on  a  foundation  of  ballast ;  the 
dost  of  this  paving  was  14s.  2d.  per  square  yard.  The  size  of  the  blocks  was 
reduced,  in  1866,  to  4  inches  in  width  and  from  5  to  6  inches  in  depth,  the 
length  being  9  inches.  They  were  formed  with  double  bevelled  surfaces,  which 
when  laid,  came  together,  the  intention  being  to  prevent  the  blocks  shifting 
and  also  to  distribute  the  pressure  on  one  block  over  the  contiguous  ones. 
The  joints,  f  inch  in  width,  were  grouted  with  lime  and  sand  mortar.  It  is 
worthy  of  note  that  the  life  of  this  pavement,  taken  on  an  average,  extended 
to  nine  years  on  streets  having  a  heavy  traffic,  and  to  eleven  years  on  light- 
trafficked  thoroughfares.  The  total  cost  of  construction  and  maintenance 
during  the  lifetime  of  this  pavement  amounted  to  2s.  8d.  per  square  yard  in 
the  former  case  and  2s.  5d.  per  square  yard  in  the  latter  annually. 

451.  Improved  Wood  Pavement. — ^This  pavement,  introduced  from 
the  United  States,  was  originally  laid  with  blocks,  hexagonal  in  shape, 
6  inches  across  and  8  inches  deep.  The  first  piece  was  laid  in  London 
in  1871 ;  but  the  earlier  method  of  forming  this  pavement  was  sub- 
sequently considerably  modified.  After  excavating  to  the  profile  and 
section  of  the  street,  a  layer  of  sand,  fine  mortar  stuff  or  dry  earth  was 
spread  to  a  depth  of  4  inches.  On  this  bed  two  layers  of  1-inch  deal 
boards,  previously  dipped  in  boiling  tar,  were  laid  close  together  transversely 
and  longitudinally.  The  object  of  this  flooring  of  planks  was  to  form  an 
elastic  foundation  and  to  distribute  the  weight  applied  on  one  block  over  a 
large  surface.  This  method  of  forming  the  foundation  was,  for  obviotis 
reasons,  abandoned,  and  a  thin  concrete  one  was  substituted;  one  layer 
of  the  1-inch  boards,  however,  was  retained,  and  was  laid  on  the  top  of 
the  concrete. 

Upon  this  foundation,  blocks,  measuring  3  inches  wide,  6  inches  deep, 
and  9  inches  long,  dipped  in  tar,  were  laid.  The  longitudinal  joints  were 
made  f  of  an  inch  wide,  and  kept  apart  by  a  fillet  nailed  to  the  flooring 
board,  the  heading  or  end  joints  being  laid  close  or  butting.  They  were 
filled  to  a  depth  of  2  inches  with  a  mixture  of  boiling  tar  and  pitch,  and 
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the  space  above  was  finished  with  fine  dry  ballast  rammed  into  the  joints  by 
means  of  a  caulking  iron,  and  flushed  with  the  tar  and  pitch  composition. 
The  work  was  completed  by  the  whole  surface  being  strewn  with  small 
gravel  (to  which  was  added  boiling  tar),  and  by  sand  then  being  thrown  over 
the  surface. 

The  object  of  sprinkling  gravel  over  the  surface  was  to  indurate  the 
wearing  surface  of  the  wood;  while  the  elastic  binding  material,  with 
which  the  joints  were  filled,  was  intended  to  produce  an  impervious 
pavement. 

452.  Ligno-Hineral  Pavement. — This  pavement,  known  as  Trenaunay's 
system,  was  introduced  from  France.  It  appears  to  have  been  the  first 
that  was  provided,  as  an  original  part  of  the  system,  with  a  hard  concrete 
foundation  moulded  to  the  required  curvature  of  the  street.  Upon  the 
concrete  foundation  hard  wood  blocks  of  oak,  elm,  beech,  or  ash,  3  inches  by 
6  inches  and  9  inches  long,  chamfered  on  the  upper  edges,  were  laid,  the 
upper  and  lower  surfaces  of  the  blocks  being  cut  at  an  angle  of  about  60 
degrees  to  the  grain  of  the  wood,  with  a  view  to  expose  the  fibre  obliquely  to 
the  wearing  surface,  and  also  to  distribute  the  weight  of  the  traffic  from  one 
block  to  those  adjacent  in  the  line  of  thrust. 

A  groove  cut  horizontaily  along  the  sides  of  the  blocks  near  the  base 
was  filled  with  asphaltic  mastic;  the  joints  were  also  partially  grouted 
with  the  same  composition,  the  remaining  space  being  filled  with  lime  and 
sand  grout.  The  blocks,  previous  to  being  laid,  were  subjected  to  a  process 
called  'mineralization'  to  render  them  tough  and  more  durable.  Besides 
the  hard  woods  mentioned,  fir  was  used,  and  was  treated  in  a  similar 
manner  to  preserve  the  wood;  these  blocks,  however,  were  laid  in  an 
upright  position  with  vertical  fibres.  This  pavement  was  laid  in  various 
streets  in  London  in  the  years  1872  and  1875. 

458.  Asphaltic  Wood  Pavement.— This  system  of  wood  paving, 
originally  patented  by  Copeland,  was  constructed  in  the  following  manner : — 

The  ground  having  been  excavated  as  required,  a  foundation  of  blue 
lias  lime  concrete,  consisting  of  one  part  of  lime  to  five  or  six  parts  of 
ballast^  was  laid  to  a  depth  of  6  inches,  finished  to  the  proper  contour  of 
the  road  section.  Upon  this  foundation  a  coat  of  mastic  asphalts  was  laid 
from  ^  inch  to  f  inch  in  thickness  as  a  cushion  for  bedding  the  pavement. 
The  wood  blocks,  of  Baltic  fir,  3  inches  wide,  6  inches  deep,  and  9  inches 
long,  were  laid  in  transverse  courses  with  the  grain  of  the  wood  upwards. 
Interspaces  or  joints  about  ^  inch  wide  between  each  line  of  blocks  were 
regulated  by  placing  strips  of  wood  against  each  course  as  they  were  laid. 
These  were  filled  to  a  depth  of  1|  inch  with  melted  asphalte,  which 
partially  re-melted  and  united  with  the  coating  spread  on  the  foundation. 
The  remainder  of  the  joints  was  filled  with  a  grout  composed  of  hydraulic 
lime  and  sand,  whereby  the  whole  pavement  was  made  into  a  solid  mass. 
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The  surface  of  the  paving  was  finished  with  a  top  dressing  of  sharp  sand  or 
fine  gravel  strewn  over  it,  which,  when  worked  in  by  the  wheel  traflSc, 
indurated  the  surface  of  the  wood  blocks. 

In  the  original  pavement,  holes  were  pierced  at  the  sides  of  the  blocks 
and  were  filled  with  liquid  aspbalte  in  order  to  afford  an  additional  key 
to  the  paving;  this  arrangement,  however,  was  dispensed  with  in  the 
later  forms  of  this  pavement. 

This  street  covering  was  first  laid  in  London  in  1874,  at  the  east  end 
of  Cannon  Street.  The  foundation  consisted  of  Portland  cement  concrete, 
9  inches  deep,  over  which  a  layer  of  mastic  asphalte,  f  inch  thick,  was 
spread.  The  blocks  of  soft  wood  steeped  in  tar  were  bedded  in  this  mastic 
cushion  and  laid  in  courses  across  the  street  with  |-inch  joints.  Each  block 
had  two  holes  about  |  inch  in  diameter,  and  |  inch  deep  bored  in  each 
side,  and  were  filled  with  the  liquid  asphalte  when  the  joints  were  being 
grouted.  The  upper  part  of  the  joints  was  rammed  with  screened  gravel 
and  filled  with  asphalte  grout,  and  the  pavement,  as  already  mentioned, 
was  covered  with  fine  gravel  and  sand.  The  pavement  was  characterised 
as  impervious  to  water,  and  the  foundation  when  examined  a  considerable 
time  after  being  laid,  was  found  to  be  dry  and  in  good  condition. 

454.  Henson'8  Wood  Pavement.— The  foundation  for  this  system  of 
wood  paving  was  composed  of  6  inches  of  blue  lias  lime  concrete  floated 
with  a  2-inch  layer  of  cement  concrete  of  fine  quality.  Upon  this  was 
placed  a  layer  of  ordinary  roofing  felt  previously  saturated  with  a  hot 
asphaltic  composition  of  distilled  tar  and  mineral  pitch.  This  layer  was 
intended  to  give  elasticity  to  the  road  covering,  which  was  composed  of 
Swedish  yellow  deal  blocks,  3  inches  by  6  inches,  and  9  inches  long,  laid 
with  the  grain  upwards.  The  joints  were  formed  with  strips  of  saturated 
felt,  the  blocks  being  driven  together  so  that  the  space  between  the  courses 
was  reduced  to  less  than  ^  inch  in  width.  At  intervals  of  every  three  or 
four  rows  a  course  of  blocks,  grooved  along  the  middle,  was  laid,  to  aid  in 
giving  proper  foothold  for  horses.  The  surface  was  finished  by  spreading  a 
hot  bituminous  compound,  and  then  a  coating  of  sand. 

455.  Mowlem  &  Co.'s  Method. — This  description  of  wood  pavement 
is  laid  on  a  foundation  of  concrete  varying  in  thickness  according  to 
the  nature  of  the  subsoil  and  the  traffic.  The  blocks  of  yellow  deal, 
3  inches  by  6  inches  or  7  inches  deep,  are  laid  direct  on  the  foundation, 
the  joints,  varying  in  width  from  f  inch  to  |  inch,  being  filled  in  with  lias 
lime  and  sand  grouting,  the  surface  of  the  blocks  being  afterwards  indurated 
by  strewing  it  with  shingle  which  was  run  in  by  the  vehicular  traffic. 

456.  Dufl^s  Patent  Wood  Pavement. — It  is  claimed  for  this  patent 
wood  paving  that  the  depth  of  the  blocks  can  be  materially  reduced  by  the 
introduction  of  dowels  or  binding  keys  inserted  into  recesses  or  holes  on 
either  side  of  each  block,  efi'ectually  fastening  them  together,  and  distri- 
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buting  the  weight  of  the  traffic  over  a  coneiderable  area.  By  being  so 
bound  together,  the  blocks  do  not  become  loose  or  rise;  it  is  an  inex- 
pensive pavement,  and  is  easily  laid.  This  system  of  paving  was  laid  on 
the  roadway  of  the  Tower  Bridge  in  1895.  It  has  also  been  recently  laid 
in  front  of  the  Marylebone  terminus  of  the  Great  Central  Railway  Com- 
pany. 

Of  the  other  patented  systems  of  wood  paving  adopted  and  carried  out,, 
many  of  which  are  similar  to  those  already  described,  with  probably  some 
slight  alterations  in  detail,  the  following  may  be  mentioned : — Harrison's^ 
Newton's,  Stone's,  Gabriel's,  Wilson's,  Lloyd's,  Trosser's,  and  Elli  wood 
paving. 

457.  The  experience  acquired  in  laying  the  wood  pavements  described 
in  the  preceding  paragraphs  clearly  points  to  simplicity  of  construction. 
The  many  patents  for  elastic  foundations,  interlocking  the  blocks,  and 
forming  grooves  on  the  surface,  have  all  been  found  to  be  extremely  com- 
plicated and  deficient  in  many  important  respects. 

458.  Gradients. — ^The  steepest  gradient  which  could  be  successfully  laid 
with  wood  paving  was,  until  recently,  considered  to  be  1  in  40.  Streets 
having  steeper  gradients  are  now  paved  with  wood,  as  for  instance  Savoy 
Street  and  Arundel  Street  in  Loudon,  which  are  situated  on  gradients  of 
1  in  12  and  1  in  14  respectively.  It  is,  however,  considered  in  modem 
practice  that  streets  should  not  be  paved  with  wood  where  the  gradient 
exceeds  1  in  27.  Under  certain  atmospheric  conditions  the  paving  becomes 
slippery,  and  requires  sand  or  fine  gravel  sprinkled  over  the  surface  to  ensure 
a  good  foothold.  The  frequency  with  which  this  has  to  be  done  increases 
as  the  gradient  becomes  steeper,  and  the  expenditure  under  this  head,  in 
giving  an  artificial  foothold,  amounts  to  a  considerable  sum  annuaUy. 

459.  Contour. — The  convexity  adopted  for  a  wood  pavement  is  geoer- 
ally  -^jy  to  -^j^  of  the  width  of  the  carriageway,  and  may  be  made  in 
the  form  of  a  segment  of  a  circle,  or  according  to  the  ordinates  shown  in 
fig.  121. 

Methods  of  ConstmctiDg  Wood  Pavements.  —  The  methods  adopted 
in  laying  a  wood  pavement  carriageway  and  practised  at  the  present  time 
will  now  be  described.     The  wood  may  be  either  soft  or  hard. 

460.  Foundations. — Portland  cement  concrete  is  invariably  adopted  for 
forming  the  foundation  of  wood  pavements  of  varying  strength  and  thick- 
ness according  to  the  traffic,  nature  of  the  subsoil,  and  position  of  the  street. 
In  other  words,  the  foundations  for  a  pitched  and  a  wood  pavement  are  similar ; 
but  in  the  case  of  the  latter  paviug,  an  additional  covering  of  fine  concrete 
or  cement  rendering  is  applied  on  the  top  of  the  concrete  foundation  so  as 
to  form  a  true  and  even  surface  on  which  the  blocks  are  directly  laid  with- 
out the  intervention  of  any  cushion  layer. 

In  most  cases  the  old  foundation  of  concrete,  which  has  done  service  for 
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other  descriptions  of  paving  material,  are  utilized,  with  the  addition  of  being 
floated  with  cement  mortar  to  render  the  surface  smooth,  and  make  good 
any  depression  or  alteration  of  the  contour  which  the  finished  surface  of  the 
«treet  is  to  assume  wheu  completed.  This  is  accomplished  by  fixing  level- 
pegs  longitudinally  and  transversely  to  secure  efficient  surface  drainage. 
The  intermediate  points  are  determined  by  means  of  boning-rods,  and  the 
•carriageway  is  then  divided  into  panels  or  bays  of  a  certain  width  for  carry- 
ing on  the  operations  of  floating  the  surface  with  cement  mortar.  It  is 
performed  by  driving  an  iron  wedge  into  the  concrete  foundation  at  intervab 
of  five  or  six  feet  across  the  toadway  between  the  kerbs  or  channels.  Wood 
pegs  are  driven  into  the  holes  thus  made,  and  the  height  of  each  is  fixed 
by  boning ;  the  tops  of  the  pegs  are  then  cut  off,  where  necessary,  to  the 
proper  level.  On  the  top  of  these  a  lath  2^  inches  by  |  inch  is  fixed  by  nails 
forming  a  template,  the  upper  side  of  which  corresponds  to  the  finished 
surface  and  the  required  contour  of  the  cement  mortar  coating.  The  panels 
may  vary  from  12  to  15  feet  in  width,  and  each  alternate  one  is  coAipleted 
and  allowed  to  set  before  commencing  the  others.  The  cement  mortar  or 
rendering  is  regulated  by  means  of  a  straight  edge,  worked  between  the 
lath-templates  transversely,  which  ensures  the  surface  being  finished  in  a 
uniform  manner.  When  the  whole  has  become  hard,  the  laths  are  removed 
and  the  spaces  filled  in  with  thick  cement  grout 

As  there  is  no  cushion  of  sand  made  use  of  in  this  paving,  at  all  events 
in  first  class  work,  it  is  absolutely  necessary  that  the  concrete  should  be 
thoroughly  hard  before  commencing  to  lay  the  paving  blocks.  The  time 
necessary  for  this  will,  to  a  certain  extent,  depend  on  the  weather,  but  is 
usually  from  ten  to  twelve  days ;  in  many  cases,  however,  the  laying  of  the 
blocks  may  be  commenced  six  days  after  the  completion  of  the  concrete 
foundation. 

461.  The  practice  in  recent  yeais  has  been  to  lay  wood  blocks  with  the 
fibre  vertical,  instead  of  inclined  or  oblique,  as  in  many  of  the  earlier  wood 
pavements.  The  wearing  capacity  of  blocks  laid  with  the  fibre  of  the  w^d 
vertical  is  nearly  double  that  of  blocks  set  at  an  angle  of  45  degrees,  aisA 
four  times  greater  than  of  those  laid  in  a  horizontal  position.  Woocfv 
pavements  are  generally  divided  into  two  classes,  namely,  soft  wood  and  ^ 
hard  wood.  > 

462.  Soft  Woods.— For  the  most  part  the  kind  of  timber  used  in  this       \, 
class  of  paving  is  yellow  deal  or  Baltic  redwood,  which  has  superseded  those 
formerly  used  in  this  country,  such  as  larch,  oak)  and  elm,  although  the 
iatter  kinds  of  timber  are  still  employed  to  a  limited  extent. 

As  soft  wood  absorbs  a  considerable  amount  of  moisture,  plain  blocks 
6hould  not  be  used.  From  a  hygienic  point  of  view,  this  defect  has,  to  a 
oertain  extent  at  least,  brought  about  the  substitution  of  hard  for  soft  woods 
.as  a  paving  material.     The  failure  of  soft  wood  pavements  is,  on  this  account, 
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doubtless  traceable  to  the  impeifect  manner  in  which  they  have  been  laid 
with  untreated  blocka  and  wide  joints.  The  absorption  of  moisture  is  pre- 
vented to  a  great  extent  by  creosoting  the  timber ;  much,  however,  depends 
on  the  condition  of  the  wood  when  treated  and  the  method  adopted  in  pre- 
serving it. 

The  treatment  of  the  blocks  lessens  their  tendency  to  expand  when  laid, 
and  minimizes  the  trouble  caused  by  displacement  of  kerbs,  channels,  lamp- 
posts, and  damage  to  gully  gratings  and  other  fixtures,  owing  to  the  swelling 
of  the  blocks  transversely  across  the  street  The  wearing  qualities  of  soft 
woods  are  considerably  enhanced  by  subjecting  the  timber  to  a  creosoting  or 
pickling  process.  The  amount  of  moisture  absorbed  by  yellow  deal  plain 
blocks  is  stated  to  be  about  23^  per  cent. 

Table  XLVII.  gives  the  comparative  expansion  of  six  creosoted  as 
against  six  plain  soft  wood  blocks  after  immersion  in  water  for  forty-eight 
hours  in  percentage  on  the  original  dimensions.^ 


Tablb  XLVII. 

Creosoted.  Plain. 

On  length  of  block, *099  '6 

On  width    „    „ -67  "88 

On  depth    „     „ -16  -81 

« These  expansions  woald  represent  in  a  carriageway  30  feet  wide,  2^ 
inches  for  plain  blocks  and  practically  f  inch  for  creosoted  blocks,  if  they 
were  under  the  same  conditions ;  but,  of  course,  actually  the  soaking  of  the 
blocks  to  this  extent  never  occurs,  and  the  expansion,  therefore,  is  sufficiently 
provided  for  by  a  narrow  sand  joint  against  the  kerb,  the  space  being  subse- 
quently grouted  up  after  the  blocks  have  found  their  position." 

To  further  iUustrate  the  comparative  expansion  of  plain  and  creosoted 
eoft  wood  paving  blocks,  the  following  particulars  may  be  given.  In  laying 
the  roadway  in  Piccadilly,  London,  with  plain  soft  wood  blocks,  expansion 
was  provided  for  to  the  extent  of  3  inches  on  each  side  of  the  thoroughfare 
next  the  kerbs.  Owing  to  the  swelling  of  the  blocks  the  whole  space  origin- 
ally allowed  was  taken  up,  when  further  provision  for  expansion  had  to  be 
made  by  removing  a  longitudinal  course  of  blocks,  2  inches  in  width,  from  each 
side  of  the  carriageway.  This  made  the  amount  of  expansion  equal  to  5  inches 
at  the  channel,  or  a  total  of  10  inches  in  the  roadway.  In  Regent  Street  the 
paving  blocks  were  treated  previous  to  being  laid.  A  similar  allowance  for 
expansion  was  provided  for  on  either  side  of  the  street,  but  in  this  case  the 
ewelling  of  the  wood  paving  only  amounted  to  2  inches  on  the  total  width 
of  the  thoroughfare. 

*  Notes  on  Wood  Paving  in  Iptwich,  by  Edward  Buckham,  M.I.C.E.,  Borough 
Engineer. 
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463.  CrecNSotdiig  Soft  Woods. — The  best  natural  method  of  preserving 
timber  is  to  have  it  well  ventilated  and  seasoned.  Decay  in  wood  takes 
place  through  many  causes,  but  principally  by  the  absorption  of  water  into 
the  cells  of  the  timber.  The  wood  used  for  paving  purposes  should  be 
carefully  selected,  free  from  sap,  close  and  even  grained,  and  thoroughly 
well  seasoned.  Preserving  timber  so  as  to  prevent  decay  is  accomplished  |)y 
the  process  of  creosoting  or  impregnating  the  wood  with  metallic  salts,  which 
can  be  carried  out  by  various  methods. 

The  most  successful  preservative  is  creosote  oil,  a  product  obtained  in 
distilling  tar,  which  is  injected  into  the  timber  after  it  is  cut  into  blocks ; 
and  the  blocks  then  placed  in  a  close  cylinder  aftet  the  air  and  moisture  in  the 
wood  have  been  exhausted.  For  paving  blocks  of  yellow  deal  a  quantity  of 
10  lbs.  to  the  cubic  foot  gives  satisfactory  results. 

Table  XLVIII.  shows  the  comparative  weight  of  water  absorbed  by  soft 
woods,  for  plain  or  untreated  blocks,  for  those  impregnated  with  creosote  oil 
(10  lbs.  to  the  cubic  foot)  and  for  blocks  treated  with  *  Carbolineum 
Avenarius*  *  (65  gallons  to  1000  3  inch  by  5  inch  by  9  inch  blocks). 


Table  XLVIII. 

Weight  before.  Weight  after. 
Plain  blocks,  3  in.  x  5  in.  x  9  in.,  .        .                 16    lbs.  18    lb.**. 

Creosoted  blocks,  ,,  .        20J  ,,  21      ,, 

Carbolized  blocks,  ,,  .         .         18     „  19 J    ,, 

"  These  statistics  prove  the  wood  to  be  less  susceptible  to  absorption  after 
treatment  than  before,  the  advantage  being  in  favour  of  creosote." 

As  the  strong  smell  emanating  from  creosoted  wood  is  objected  to  in  many 
instances  by  residents,  the  introduction  of  carbolized  blocks  into  certain 
quarters  of  cities  and  towns  has  been  favoured. 

The  somewhat  primitive  method  of  simply  dipping  the  deal  blocks  into 
creosote  oil  previous  to  laying  them  does  not,  for  many  reasons,  appear  to  be 
reliable,  although  very  good  results  are  obtained  by  this  method  of  treating 
the  timber  by  the  Strand  District  Board  of  Works,  London,  which  will  be 
further  alluded  to  in  a  subsequent  paragraph.  It  is  admitted  that  creosoting 
soft  wood  blocks,  if  properly  performed,  about  doubles  the  life  of  the 
timber ;  there  is  also  a  great  advantage  accruing  from  its  being  so  treated 
from  a  sanitary  point  of  view.  The  life  of  a  soft  wood  pavement  varies 
considerably  according  to  the  amount  of  traffic,  quality  of  the  wood,  and 
whether  the  blocks  are  used  plain  or  have  been  subjected  to  treatment,  and 
the  method  adopted  in  laying  the  pavement. 

*  *•  Wood  Carriageway  Pavements,"  by  Mr.  Chas.  Mason,  A.M.I. C.E.,  Proc.  Incor, 
Assoc.  Municipal  and  County  Engineers^  vol.  xx.  p.  68,-  1893-94. 
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464.  The  life  of  a  soft  wood  paving,  estimated  by  wear  in  some  of  the 
busiest  thoroughfares  in  the  Metropolis,  averages  about  seven  years,  although 
longer  periods  of  service  have  been  recorded;  for  instance,  in  central 
London  this  pavement  has  had  a  life  of  from  eight  to  nine  years  in  the  Strand 
between  Exeter  Hall  to  St.  Mary's  Church  and  Newcastle  Street  to  Temple 
Bar.  Yellow  deal  blocks  taken  from  this  thoroughfare  were  found,  after 
five  years*  service,  to  have  been  worn  to  a  depth  varying  from  If  inch 
to  2^  inches,  the  original  depth  of  the  blocks  having  been  6  inches.  In 
another  instance  a  yellow  deal  block  taken  from  the  carriageway  of  Charing 
Cross,  the  original  depth  being  5  inches,  showed  it  to  have  been  worn  or 
reduced  to  1 J  inch  after  five  years*  wear.  In  provincial  towns  where  the 
character  and  extent  of  the  traffic  is  from  medium  to  heavy  the  life  of  a 
creosoted  soft  wood  pavement  may  be  taken  at  from  twelve  to  fifteen 
years. 

The  unequal  wearing  of  the  wood  through  latent  defects  and  depressions 
caused  by  subsidence  of  the  foundations  over  trenches  where  repairs  to  g£ts 
and  water  mains  have  been  found  necessary,  quickly  converts  the  paving 
into  an  irregular  surface,  which,  if  allowed  to  remain,  or  if  the  renewals  are 
not  sufficiently  frequent,  will  naturally  create  an  insanitary  condition  of 
things,  and  render  the  scavenging  more  difficult. 

465.  Hard  Woods. — The  hard  woods  hitherto  principally  used  in  this 
country  for  street  pavements  are  Karri  and  Jarrah  from  "Western  Australia, 
but  other  kinds  are  being  introduced  from  New  South  Wales,  such  as  tallow 
wood,  black  butt,  blue  gum  and  red  gum.  White  oak  and  gum  wood  from 
South  Carolina  and  Mora  wood  from  Demerara  are  also  being  introduced ; 
and  as  these  are  of  a  tough  and  fibrous  nature,  and  considerably  lighter  than 
Jarrah,  it  is  considered  they  will  be  less  noisy  and  slippery  than  the  other 
hard  woods  mentioned. 

With  the  exception  of  a  small  trial  piece  of  hard  wood  paving  laid  in 
Chelsea  in  March  1888,  the  first  street  pavement  of  Australian  hard  wood 
was  executed  in  Westminster  Bridge  Road,  London,  in  May  1889.  This 
thoroughfare  was  paved  with  Jarrah,  and  is  noted  for  the  incessant  and 
exceedingly  heavy  traffic  which  passes  over  it.  To  give  some  idea  of  what 
this  means  it  may  be  mentioned  here  that  on  the  west  side  of  the  roadway 
or  leading  towards  Westminster  the  daily  wheel  traffic  is  reckoned  at  1002 
tons  per  yard  of  width  of  roadway  from  6  a.m.  to  6  p.m.,  during  which  time 
3574  vehicles  pass. 

Hard  wood  blocks  are  generally  laid  in  their  natural  state,  as,  owing  to 
their  being  very  dense,  creosoting  would  not  materially  affect  the  durability 
of  the  timber,  and  in  any  case  could  only  penetrate  the  blocks  to  a  very 
limited  extent.  The  dipping  of  these  blocks  in  a  bituminous  composition,  as 
practised  in  some  districts,  is  not  so  much  for  the  purpose  of  preserving  the 
timber  as  to  form  an  impervious  joint.     From  a  sanitary  point  of  view  hard 
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wood  is  snperior  to  a  soft  wood  pavement,  and  when  the  blocks  are  laid  with 
a  close  joint  the  defects  hitherto  associated  with  this  class  of  pavement  are 
almost  entirely  removed. 

The  liability  to  contraction,  however,  is  an  objectioij,  and  when  this  takes 
place  the  spaces  left  between  the  blocks  are  filled  with  deleterious  matter 
which  cannot  be  removed.  The  necessity  of  providing  expansion  joints  at 
the  kerbs  or  channels  is  andoubtedly  a  serious  drawback,  but  this  defect  is 
more  likely  to  be  overcome  by  using  only  properly  seasoned  timber  in  as 
fresh  a  condition  as  possible,  and  by  laying  the  blocks  close  together  with  a 
bituminous  joint. 

Many  of  the  difficulties  which  have  arisen  are  directly  attributable  to 
the  method  of  laying  the  pavement  and  the  condition  of  the  wood  when 
used;  it  is  well  known  that  properly  seasoned  wood  blocks  cease  after  a 
time  to  expand  or  contract.  The  comparative  power  of  absorbing  water  of 
the  two  Western  Australia  woods,  Jarrah  and  Earn,  is  given  by  Mr.  W.  N. 
Blair  as  follows  : — 

Jarrah  blocks,  10*71  per  cent. 
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Jarrah  weighs,  when  freshly  cut,  slightly  over  70  lbs.  per  cubic  foot^ 
which  is  reduced  to  65  lbs.  and  60  lbs.  when  thoroughly  seasoned.  All 
wood  blocks  for  paving  purposes,  whether  hard  or  soft,  should  be  carefully 
selected,  free  from  sap,  and  close  and  even-grained.  It  is  generally 
admitted  that  wood  paving  is  less  noisy  and  less  slippery  than  any  other 
kind  of  pavement,  with  one  exception,  which  will  be  referred  to  further  on, 
suitable  for  heavy  traffic.  However,  it  is  necessary  to  cleanse  the  pavement 
periodically  by  washing  the  surface  to  remove  foreign  matter,  which  is  the 
real  source  of  slipperiness  in  a  pavement  and  of  its  unsanitary  condition  by 
reason  of  the  emanation  of  offensive  smells.  Under  certain  atmospheric 
conditions  slipperiness  is  temporarily  removed  by  occasional  sanding  and 
sprinkling  fine  gravel  or  crushed  flint  screenings  over  the  surface,  especially 
on  gradients,  so  as  to  ensure  a  good  and  safe  foothold  for  horses.  In  the 
Strand  district  of  London,  where  soft  wood  pavements  predominate,  crushed 
rock  salt  is  used,  especially  during  the  winter  months,  to  assist  in  cleansing 
the  surface  when  being  washed. 

466.  Laying  Wood  Blocks  and  Jointing. — The  dimensions  of  the  blocks 
used  in  wood  paving  are  generally  3  inches  to  4  inches  by  5  inches  to  6  inches  by 
9  inches.  They  should  be  cut  square  to  the  exact  size  by  machinery,  so  as  to 
ensure  uniformity  when  laid  as  a  pavement.  In  carrying  out  the  work  the 
blocks  are  laid  transversely  across  the  street  with  the  fibre  of  the  wood  vertical. 
They  are  placed  directly  on  the  concrete  foundation,  which  is  the  practice 
in  first-class  work,  or  on  a  cushion  of  sand  of  from  ^  inch  to  f  inch  deep. 
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The  latter  system  is  adopted  with  a  view  to  reversing  the  blocks  when  they  have 
become  rough  or  uneven  through  wear,  and  thus  making  the  surface  smooth 
again.  This  arrangement,  by  which  the  life  of  the  pavement  is  prolonged, 
can  only  be  advantageously  adopted  in  streets  which  have  moderate  traffic. 
The  making  of  the  joint  is  performed  in  various  ways,  the  material  used 
being  either  cement  grout  or  a  bituminous  composition.  The  wide  joint 
which  was  characteristic  of  this  class  of  pavement  some  years  ago  has,  in 
most  recent  work  of  this  description,  been  practically  eliminated.  It  is 
generally  admitted  that  wide  joints  on  a  level  or  comparatively  level  carriage- 
way do  not  afford  any  better  foothold  for  horses  than  paving  laid  with  close 
joints.  On  gradients,  however,  it  is  usual  to  set  the  blocks  with  a  ^inch  or 
|-inch  joint  for  the  safety  of  horse  traffic. 

467.  Joints. — ^When  the  joints  are  to  be  grouted  with  Portland  cement 
or  bituminous  grout  a  certain  space  between  the  blocks  is  imperative.  A 
joint  ^  inch  to  f  inch,  according  to  the  conditions,  is  required,  for  which 
provision  is  made  by  inserting  a  lath  of  the  necessary  width  and  about  one 
inch  deep  laid  on  edge  at  the  bottom  of  the  joint  and  left  there.  These 
wooden  strips  or  laths,  besides  providing  for  the  necessary  width  of  joint, 
maintain  the  regularity  of  the  joints,  and  they  are  in  some  instances  placed 
at  the  top  of  the  blocks  and  removed  when  the  joints  are  filled.  The  cross 
joints  are  likewise  left  open,  but  without  the  lath. 

The  bituminous  grout,  composed  of  pitch  and  creosote  oil  in  the  propor- 
tion of  1  cwt.  of  pitch  to  1}  to  2  gallons  of  oil,  according  to  the  quality 
of  the  pitch,  is  then  poured  over  the  pavement  by  means  of  a  bucket,  the 
joints  being  filled  by  brushing  the  fluid  into  them  or  by  using  a  rubber 
squeegee  which  pushes  the  liquid  over  the  surface,  fills  the  joints  and  leaves 
as  little  of  the  grouting  mixture  on  the  surface  of  the  carriageway  as 
possible. 

468.  A  composite  joint  is  also  made  use  of,  and  is  formed  by 
pouring  the  bituminous  composition  into  the  joints  so  as  to  fill  the  lower 
portion  of  them  to  a  depth  of  2  inches ;  the  remaining  or  upper  portions 
of  the  joints  are  then  grouted  with  Portland  cement  mortar  composed  of  one 
of  cement  to  three  of  clean  sharp  sand. 

Many  of  the  soft  wood  pavements  in  London  are  now  laid  with  a  close 
joint,  to  ensure  which  sledge-hammers  are  used  to  drive  the  paving  blocks 
together  at  every  twelfth  or  fifteenth  course.  The  surface  is  then  flushed 
over  with  hot  tar,  which  penetrates  between  the  blocks  and  makes  a  water- 
proof joint. 

469.  The  method  now  generally  adopted  in  kying  hard  wood  pave- 
ments is  to  dip  the  blocks  on  one  side  and  end  in  a  hot  pitch  composition 
when  being  laid,  and  placing  them  together  without  any  appreciable  joint, 
thus  making  a  thoroughly  efficient  and  impervious  pavement.  The  surface 
of  the  carriageway  covering  is  at  times  flushed  over  with  the  bituminoua 
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mixture  so  as  to  make  the  joints  thoroughly  secure  and  at  the  same  time  to 
prevent  any  tendency  of  the  wood  blocks  to  absorb  surface  water,  and  thereby 
minimise  expansion.  A  bituminous  joint  costs  about  7d.  per  square  yard  of 
paving  laid. 

470.  In  Sydney,  New  South  Wales,  where  wood  pavements,  formed  of 
different  kinds  of  timber,  have  been  in  eidstence  for  twenty  years,  the  joints 
were  first  made  I  inch  wide  and  filled  with  screenings  grouted  with  tar,  the 
whole  being  finished  with  a  dressing  of  coarse  sand  and  tar  f  inch  thick 
spread  over  the  entire  surface.  •  All  the  wood  pavements  originally  laid  in 
Sydney  were  entirely  renewed  in  1893,  the  thoroughfares  being  relaid  with 
black  butt  and  tallow  wood.* 

The  hard  wood  blocks  are  now  laid  in  that  city  with  close  joints.  They 
are  previously  dipped  in  tar  and  hammered  up  at  every  twelfth  row,  the 
surface  being  flushed  over  with  boiling  tar  and  sand.  In  some  instances  the 
blocks  are  dipped  twice  in  boiling  tar  and  stacked  to  allow  the  surplus  tar  to 
drain  off  before  they  are  laid. 

471.  The  close  joints  of  wood  pavement  grouted  with  pitch  are  of  an 
elastic  nature,  which  admits  of  their  yielding  to  the  expansion  of  the  wood, 
thus  preventing  lateral  pressure  being  transmitted  to  the  channels  or  kerbs, 
and  securing  that  the  arrises  of  the  courses  do  not  become  worn  and  rounded. 
This  latter  defect,  inseparable  from  a  pavement  laid  with  wide  joints,  forms  a 
corrugated  or  corduroy  surface,  which  has  the  disadvantage  of  becoming  noioy 
and  dirty,  and  reduces  the  life  of  the  pavement  considerably. 

Portland  cement  grout  requires  at  least  ^  inch  space  between  the  rows 
to  form  a  joint,  and,  being  a  rigid  material,  is  not  capable  of  yielding  to  local 
expansion  of  the  wood  blocks,  hence  under  certain  circumstances  the  pres- 
sure is  transmitted  to  the  channels,  and  may  displace  the  kerbstones  in  the 
manner  mentioned.  The  vibration  created  by  heavy  wheel  traffic  at  times 
loosens  the  blocks  of  a  wood  pavement  which  has  been  jointed  with  cement 
grout,  thus  destroying  its  imperviousness. 

472.  There  is  one  distinct  property  which  characterizes  a  joint  grouted 
with  cement,  and  that  is,  it  can  be  formed  in  any  weather,  except  during 
frost,  which  is  an  advantage  towards  facilitating  the  progress  of  the  work  ; 
on  the  other  hand,  it  requires  at  least  six  clear  days  to  properly  set,  which 
is  a  great  disadvantage  in  most  cases.  The  grout  is  generally  composed  of 
Portland  cement  mortar  in  the  proportion  of  one  of  cement  to  three  of  sharp 
clean  river  sand,  the  cost  of  which  is,  for  the  width  of  joint  mentioned,  about 
6d.  per  square  yard  of  paving. 

473.  The  cement  grouting  on  wood  blocks  has  a  tendency  to  set  up 
dry  rot,  which  can  only  be  accounted  for  by  the  chemical  action  which  takes 
place  between   the  two  materials  in  the  joints  of  the  paving.     This  is 

♦  "Hard  Wood  Pavements  in  Sydney,  New  South  Wales,"  by  Mr.  R.  W.  RichardB, 
City  Engineer,  Sydney,  Proc.  Assoc,  Municipal  and  County  Engineers,  vol.  xxiii. 
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a  matter  of  considerable  importance  which  should  not  be  lost  sight  of. 
Cement  grouting  makes  a  wood  pavement  much  more  noisy  than  one 
formed  with  a  pitch  composition  which  is  of  a  slightly  elastic  nature.  The 
arrises  of  the  blocks,  especially  in  wide-jointed  pavements,  becoming  worn 
or  rounded,  the  cement  filling  is  exposed,  which  soon  becomes  disintegrated 
by  the  action  of  the  horses'  feet. 

As  bearing  on  the  matter  of  dry  rot  in  wood  paving,  the  following 
interesting  practical  observations  on  the  subject  may  be  given  *  : — 

"It  is, worthy  of  mention  that  while  the  above  contracts  were  being 
carried  out  (construction  of  two  new  thoroughfares,  viz.,  Martin  Place  and 
Queen  Street,  Sydney,  1894)  it  was  necessary  to  remove  some  of  the  old 
blocks  from  the  adjoining  streets  in  order  to  make  proper  junctions  with 
the  new  works,  and,  in  doing  so,  it  was  observed  that  the  effect  of  a 
cement  joint  on  the  timber  was  most  injurious,  while  a  bituminous  joint 
acted  as  a  preservative.  Two  cases  met  with,  are  deserving  of  special 
attention. 

"  (a)  At  one  end  of  Queen  Street  it  was  necessary  to  remove  a  consider- 
able area  of  pavement  which  had  been  laid  six  years,  in  which  a  cement 
joint  had  been  adopted,  the  width  of  joint  being  maintained  by  iron  studs 
projecting  f  inch  from  the  face  of  the  block ;  here  it  was  found  that  dry 
rot  had  set  in  wherever  the  wood  had  been  in  contact  with  the  cement. 
Different  kinds  of  timber  had  been  used,  but  every  block  was  more  or  less 
affected.  On  this  being  observed,  other  portions  of  the  pavement  which 
had  been  similarly  constructed  were  examined,  but  all  were  found  to  be  in 
the  same  state;  a  microscopical  examination  of  the  timber  thus  affected 
showed  no  signs  of  fungoid  growth.  It  is  therefore  assumed  that  the  dry 
rot  was  a  decomposition  of  the  timber  brought  about  by  chemical  action — 
such  as  combination  of  the  oxygen  in  the  cement  with  the  carbon  in  the 
wood,  forming  carbonic  acid  gas. 

"(&)  At  the  other  end  of  Queen  Street,  where  blocks  were  removed 
which  had  been  laid  eight  years,  in  which  the  joints  had  been  caulked  with 
a  mixture  of  tar,  pitch  and  basalt  screenings,  the  timber  was  found  to  be 
in  a  perfect  state  of  preservation ;  and  although  the  road  had  sustained  a 
daily  traffic  of  approximately  25,000  tons  for  eight  years,  it  was  in  almost  as 
good  a  state  as  when  first  laid.  The  blocks,  which  were  originally  6  inches 
deep,  made  a  perfect  junction  with  the  new  6  inch  blocks,  the  greatest  wear 
observable  in  the  old  blocks  after  eight  years'  service  being  ^  inch." 

474.  When  pitch  grout  is  adopted  as  the  material  for  forming  the  joints, 
the  blocks  can  be  laid  practically  close  or  with  a  space  not  exceeding  ^  inch 
in  width,  which,  besides  making  an  impervious  and  more  durable  pavement, 
prevents  tlie  spreading  of  the  fibre  of  the  wood,  and  admits  of  a  smooth 

*  **0n  Australian  Hard  Wood  for  Pavements,"  by  W.  A.  Smith,  M.I.O.E.,  Minutes 
o/Proe.  qfCE,,  vol.  cxvi.  p.  264. 
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surface  beiug  retained  i  while  the  facility  for  cleansing  the  pavement  is 
greatly  increased. 

475.  The  bituminous  composition  being  of  a  slightly  elastic  nature, 
absorbs  and  equalizes  the  expansion  of  the  blocks ;  it  also  acts  as  a  pre- 
servatiTe  to  the  wood.  One  disadvantage,  of  which  mention  has  been 
already  made,  is  that  the  joints  must  be  made  only  when  the  wood  is 
thoroughly  dry,  wet  weather  being  detrimental  to  its  use.  Under  these 
circumstances  it  is  usual  to  cover  over  the  pavement  with  tarpaulina  As 
the  bituminous  grout  hardens  almost  immediately  after  the  joints  are  filled, 
traffic  may  be  allowed  to  pass  over  the  pavement  on  the  completion  of  the 
work.  Special  travelling,  boilers  are  generally  employed  for  preparing  the 
pitch  and  creosote  oil  composition ;  the  mixture,  when  of  a  proper  consistency 
and  in  a  boiling  state,  is  drawn  off  in  suitable  buckets,  or  into  wheeled 
carriers,  transported  to  the  pavement  imder  construction,  and  poured  into 
the  joints.  The  usual  method  (already  described)  is  to  dip  the  blocks  into 
the  boiling  mixture,  then  lay  them  in  position  close  together.  Pitch 
grouting,  with  a  -^  inch  joints  costs  about  7d.  per  square  yard  of  paving. 

476.  Expansion  Joints. — When  wood  pavements  were  first  introduced 
into  the  principal  towns  in  this  country,  it  was  the  custom  to  allow 
a  wide  expansion  joint  at  the  kerbs  or  channels  at  each  side  of  the  carriage- 
way. This  arrangement  was  necessary,  partly  owing  to  the  use  of  untreated 
wood,  partly  to  the  wide  joint  between  the  blocks,  and  partly  to  those  joints 
being  grouted  with  cement.  By  creosoting  the  deal  blocks  and  by  extending 
the  use  of  hard  woods  as  a  paving  material,  the  necessity  for  a  wide  expansion 
joint  has  been  to  a  great  extent  obviated.  The  earlier  wood  pavements 
generally  had  an  expansion  joint  at  the  channels  of  I  inch  for  every  8  or  10 
feet  in  width  of  thoroughfare ;  this,  however,  has  been  gradually  reduced, 
and  at  the  present  time  an  allowance  of  1^  to  2  inches  on  each  side  of  a  60 
foot  roadway  is  considered  sufficient  for  hard  wood  pavements  when  the  blocks 
are  jointed  with  pitch  grout.  The  expansion  joints  are  filled  up  in  a 
variety  of  ways,  sand,  loam,  and  clay  being  the  material  which  was  used  to 
a  considerable  extent  in  the  earlier  pavements ;  but  these  joints  are  now  in 
most  instances  filled  with  a  hot  mixture  of  pitch  and  creosote  oil,  similar 
to  that  used  in  forming  the  joints  of  the  pavement.  Fig.  125  shows  a  cross- 
section  of  a  wood  pavement. 

477.  The  merits  and  demerits  of  close  and  wide  joints,  from  a  maintenance 
and  sanitary  point  of  view,  and  as  affording  a  good  foothold  for  horses,  has 
in  recent  years  been  carefully  investigated,  and  practical  deductions  have 
been  drawn  from  the  observations  made. 

The  generally  accepted  opinion — that  wide  joints  afford  greater  safety  for 
horses  travelling  over  the  pavement  on  a  level  or  comparatively  level  road- 
way— ^is  not  borne  out  by  actual  experience  in  the  use  of  these  differently 
constructed  pavements.     Where  wide  joints  have  been  adopted  the  effect  of 
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the  hoof  and  wheel  traffic  has  been  to  spread  and  disintegrate  the  fibre  of 
the  wood  blocks,  rounding  the  edges  and  forming  a  corduroy  surface.  This 
evil  increases  with  the  width  of  the  joint,  and  as  a  consequence  the  pavement 
is  reduced  to  a  state  of  disrepair  long  before  the  blocks  are  worn  out,  and 
the  life  of  the  pavement  is  materially  reduced. 

Unnecessarily  wide  joints  retain  a  large  quantity  of  dirt,  produce  a  noisy 
pavement,  and  increase  the  expense  of  cleansing  the  surface.  Imperfect 
scavenging  of  a  wood  pavement  produces  a  greasy  film  on  the  surface  in  dry 
weather  and  slimy  slop  after  rain,  consequently  the  pavement  becomes 
slippery.  This  serious  defect  can  only  be  eflfectively  obviated  by  washing  the 
carriageway  with  water  and  the  occasional  application  of  sand  to  render  it 
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Fio.  126.— Cross-section  of  wood  pavement. 

fit  for  either  pedestrian  or  vehicular  traffic.  When  these  objectionable  con- 
ditions exist,  combined  with  the  disagreeable  odours  emitted  under  such 
circumstances,  they  add  greatly  to  the  discomfort  of  those  using  the 
thoroughfare.  The  essentials  for  a  satisfactory  wood  pavement  may  be 
summarized  thus :  it  should  be  properly  constructed,  carefully  maintained 
and  renewed  at  frequent  intervals,  and  efficiently  scavenged. 

478.  The  relative  lifetime  of  soft  and  hard  woods  as  paving  materials 
cannot  as  yet  be  given  with  that  certainty  which  in  the  light  of  longer 
experience  will  be  made  possible.  On  many  of  the  thoroughfares  in  London 
subject  to  heavy  and  continuous  traffic  where  soft  wood  has  been  in  use  for 
a  number  of  years,  the  actual  life  or  duration  of  the  pavement,  before 
renewal  becomes  necessary,  is  considered  to  be  from  seven  to  eight  years.  The 
first  pavement  of  Australian  hard  wood  has  only  been  in  use  since  1889,  and 
is  at  the  present  time  in  good  condition,  so  that  the  life  of  this  class  of 
paving  material  may  be  estimated  as  at  least  twelve  years. 

In  Sydney,  New  South  Wales,  the  lifetime  of  the  hard  woods,  such  as 
black  butt  and  tallow  wood,  on  carriageways  subject  to  very  heavy  traffic  is 
considered  to  be  twenty-one  years.  "  In  one  of  the  busiest  thoroughfares  of 
that  city  where  wood  blocks  were  laid  thirteen  years  ago  (1881)  and  which  are 
at  the  present  time  (1893)  in  a  perfect  state  of  preservation,  the  blocks  have 
only  been  worn  down  y®^  inch ;  judging  from  their  present  condition,  there 

Y 


338  ROAD   MAKING   AND   MAINTENANCE. 

appears  to  be  no  reason  why  they  should  not  do  good  service  for  another  ten 
years."  * 

It  is  also  stated  that  Qaeen  Street  (Sydney),  paved  with  wood  and  sus- 
taining a  daily  traffic  of  approximately  25,000  tons,  showed  ^  inch  as  the  gross 
result  of  eight  years'  wear  (when  some  of  the  blocks  were  removed).  This 
thoroughfare  is  100  feet  wide  and  situated  on  gradients  of  1  in  22  and 
I  in  24.  The  yard  tonnage  is  therefore  approximately  256,000  tons  per 
annum. 

Later  carriageway  pavements  in  Sydney  f  "  laid  upon  a  good  foundation 
of  concrete  with  New  South  Wales  hard  woods,  with  slape  or  butt  joints, 
with  convexity  of  I  in  60  or  1  in  80,  as  the  longitudinal  gradient  may 
suggest,  properly  cleansed  and  maintained,  is  the  best  and  most  suitable 
form  of  pavement  for  heavy  and  continual  traffic ;  and  that  the  best  timbers 
for  such  work  are  tallow  wood,  black  butt,  blue  gum,  red  gum  and 
mahogany.  These  timbers,  having  been  so  laid  in  Sydney  streets,  have, 
upon  examination,  shown  wear  at  the  rate  of  from  inr  to  ^  inch  per  annum,  and 
have  not  required  repairs  of  any  kind  whatsoever.  The  cost  of  the  first  wide 
jointed  pavement,  including  all  labour,  materials,  etc.,  was  about  27s.  per 
yard  super.,  while  recently,  pavements  with  the  close  joints  in  Sydney  cost 
15s.  6d.  per  yard."  This  difference  in  cost  is  accounted  for  by  the  greater 
quantity  of  pitch  in  the  wide  joint,  the  consequent  larger  amount  of  labour 
required,  and  the  higher  wages  paid  for  laying  the  blocks  when  first 
introduced. 

"  Twenty-one  hours'  observation  show  that  350  vehicles  per  hour  pass  at 
King  and  George  Streets,  Sydney,  with  a  width  of  carriageway  of  36  feet 
On  a  width  of  74  feet  in  George  Street  South,  they  pass  at  the  rate  of  500 
vehicles  per  hour,  and  you  can  estimate  each  vehicle  as  representing  one  ton 
on  an  average." 

It  will  be  apparent,  from  the  relative  wear  of  deal  and  hard  wood 
pavements  in  the  towns  of  this  country,  as  indicated  by  the  statistics  now 
available,  that  the  Australian  hard  woods  last  longer  when  the  blocks  are 
laid  close  together  with  impervious  joints.  It  is,  of  course,  generally 
admitted  that  the  life  of  Australian  hard  woods  is  considerably  longer  than 
that  of  deal,  but  much  depends  on  the  method  adopted  in  laying  the  pave- 
ment, the  amount  and  weight  of  traffic  passing  along  the  thoroughfare,  the 
gradient  and  other  circumstances  of  a  local  nature. 

479.  The  amount  of  wear  of  hard  wood  paving  blocks  in  different 
thoroughfares  in  the  city  of  London,  with  the  approximate  extent  and  class 

*  "Australian  Hard  Woods  for  Pavements,"  by  Mr.  W.  A.  Smith,  M.I.C.E.,  Proc, 
Inst,  Civ.  Engineers^  vol.  cxvi.  p.  266  (1894). 

t  "Hard  Wood  Pavements  in  Sydney,  New  South  Wales,"  by  R.  W.  Richards, 
A.M.I.C.E.,  Proc.  Assoc,  Municipal  and  County  Engineers^  vol,  zziii. 
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of  the  traffic  passing  over  themi  and  also  the  comparative  wear  where  a  soft 

wood  paving  had  previously  existed,  will  now  be  given. 

Observations  made  on  the  wood  pavement  in  Westminster  Bridge  Eoad 

showed  that  the  amount  of  'Wear  of  the  Jarrah  blocks  was,  during  a  period 

of  seven  years,  equal  to  from  1-^  inch  to  1^  inch,  or  about  ^^  inch  to  ^  inch 

annually.* 

The  traffic  going  towards  Westminster  over  this  thoroughfare  is  given  as 

334  tons  per  foot  in  width  of  road  in  twelve  hours,  from  6  a.m.  to  6  p.m. 

(see  Nos.  1,  7,  and  8,  in  Table  XLIX.). 

The  following  detailed  statistics  on  the  wear  of  hard  wood  paving  and 
the  weight  of  traffic  passing  over  several  carriageways  in  the  Yestry  of 

St.  Pancras^  London,  give  most  valuable  information  on  the  subject,  t 

"Between  February  23  and  March  11,  1893,  a  portion  of  the  western 
end  of  Euston  Eoad  was  repaved,  and,  with  the  special  object  of  proving  the 
durability  of  the  different  timbers  employed,  the  length  in  question  was 
paved  in  four  blocks.  From  the  line  of  the  south  side  of  Southampton 
Street,  a  length  of  63  feet  was  paved  with  Jarrah,  the  next  length  of  63  feet 
was  paved  with  yellow  deal,  the  next  length  of  62  feet  was  paved  with 
Karri,  and  a  closing  length  of  49  feet  with  yellow  deal." 

''The  wear  upon  these  different  lengths  has  been  recently  measured 
(1896)  and  may  be  taken  as  at  three  years  from  the  date  of  laying.  It 
proves  to  be  ^  inch  on  the  Jarrah,  ^  inch  on  the  Kani,  and  If  inch  on  the 
deal  blocks.  These  measurements  were  taken  in  the  centre  line  of  traffic, 
where  the  wear  might  be  regarded  as  greatest,  and  at  about  the  centre  of 
each  length  of  wood.  It  was  found  that  the  reduction  in  depth  was  the 
same  on  both  sides  of  the  road.  These  figures  are  equivalent  to  ^  inch  per 
annum  on  the  Jarrah  and  Karri,  and  ^  inch  on  the  deal,  and  the  relative 
rates  of  wear  are  as  1  to  6." 

"  The  results  (record  of  the  traffic  during  seven  days,  July  1895)  showed 
that  during  the  seven  days,  110,977  tons  of  traffic,  i.e.  vehicles  and  their 
loads,  not  including  horses,  passed  along  this  portion  of  the  road ;  this  may 
be  taken  as  equal  to  5,770,800  tons  per  annum,  or  575,544  tons  per  yard  in 
width  per  annum.  The  omnibus  traffic  during  the  week  amounted  to  8575 
ions,  or  7*72  per  cent,  of  the  total  traffic. 

"Observations  both  as  to  wear  and  traffic  were  also  obtained  upon 
another  length  of  Euston  Road,  at  St.  Pancras  Church.  This  portion  of  the 
road  was  paved  with  Jarrah  blocks  between  April  30  and  May  24,  1894. 
The  road  has  therefore  been  under  traffic  for  say  If  years,  and  the  wear  has 

*  "  Hard  Wood  Paving,"  by  J.  P.  Norrington,  A.M.I.G.E.,  Engineer  and  Surveyor, 
Lambeth  Vestry,  London,  Proc  Assoc,  of  Mimicipal  and  County  Engineers,  vol.  xxii. 

+  "  Wear  of  Hard  Wood  Paving  and  the  Weight  of  Traffic  thereon,"  by  W.  Nisbet 
Blair,  A.M.I.G.E.,  Vestry  Surveyor,  St.  Pancras,  Proc  Assoc,  of  Municipal  and 
County  Engineers,  vol.  xxii.,  1896-96. 
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been  very  carefuUy  measured  upon  an  opportunity  afforded  by  a  water  trench 
which  completely  crossed  the  road  from  kerb  to  kerb.  The  blocks  were 
exactly  5  inches  deep  when  laid^  and  the  wear  is  shown  upon  the  diagram^ 
the  greatest  reduction  being  ^  inches  at  12  feet  from  the  kerb  on  the  south 
side,  and  ^  inches  at  about  the  same  distance  from  the  north  side.  The 
greatest  wear  is  therefore  '18  of  an  inch,  or  less  than  ^  inch  per  annum. 

"  The  record  of  traffic  taken  near  this  trench,  at  a  point  where  the  road 
is  38  feet  4  inches  wide,  shows  that  during  seven  days  from  August  26  Uy 
September  2,  1895,  101,063  tons  passed  in  the  week,  or  5,255,276  tons  per 
annum,  or  411,318  tons  per  yard  in  width  per  annum.  The  weight  of 
omnibus  traffic  included  in  the  above  is  32,113  tons  per  week,  which  ia 
equal  to  31*8  per  cent  of  the  total  weight  of  traffic.  The  total  number  of 
vehicles  during  the  week  was  67,153,  of  which  12,677  were  omnibuses,, 
their  proportion  being  19*0  per  cent,  of  the  total  number. 

"  The  author  has  referred  to  weight  of  omnibus  traffic  as  distinct  from 
the  remainder,  as  he  believed  that  the  effect  of  omnibus  traffic  upon  a  road-^ 
way  is  very  much  greater  than  an  equal  weight  of  general  traffic,  and  it 
remains  to  be  seen  whether  the  second  instance  described,  with  31*8  per 
cent,  of  omnibus  traffic,  wears  better  or  worse  than  the  first  case,  where 
omnibus  traffic  is  only  7*72  per  cent.,  though  the  total  traffic  is  40  per  cent, 
greater  in  the  first  case  than  in  the  second." 

Other  thoroughfares  in  the  St.  Pancras  district  have  been  paved  with 
Jarrah,  over  which  the  traffic  is  very  considerable ;  the  wear,  it  is  stated,, 
does  not  appear  to  have  been  as  much  as  ^  inch ;  the  amount  of  traffic  ha» 
not,  however,  been  recorded  in  these  instances. 

Further  interesting  figures  in  tabular  form  relative  to  the  wearing, 
capacity  of  hard  wood  paving  are  also  given,  referring  to  some  of  the 
thoroughfares  in  the  Lambeth  Vestry,*  already  mentioned. 

*  "Hard  Wood  Paving,"  by  J.  P.  NorringtoD,  A.M.I.C.E.,  Surveyor,  Lambeth,. 
Proc.  Assoc,  of  Municipal  aitd  County  Engineer 8^  vol.  xxii. 
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Table  XLIX. 


Wood. 

TiOoaUty. 

Date  Laid. 

Years' 
Wear. 

Lon. 

Loss  per 
Annam. 

1.    Jarrah, 

Westminster  Bridge  Road,     . 

May  1889 

Nearly  7 

li   in. 

•1607   in. 

2a,  Karri,. 

1 

Grossing  Lower  Marsh,  6  feet  \ 
from  side,                           / 

Nov.  1890 

6J 

i    •. 

•046      „ 

2J.      „      . 

Crossing  Lower  Marsh,  centre, 

Crossing  Lower  Marsh,  6  feet  \ 

from  opposite  side,             j 

5i 

^  >. 

•01126  „ 

2c      „      . 

5J 

A,. 

•0887    „ 

2<2.  Jarrah, 

Lower  Marsh,  6  feet  from  side, 

51 

i    „ 

•o«     „ 

2e,       „     . 

Lower  Marsh,  centre,    . 

5i 

i    „ 

•046      .. 

2/.        ,.     . 

■{ 

Lower  Marsh,   6  feet  from\ 
opposite  side,                     / 

5J 

i    .. 

•02276  „ 

8.    Blue  gum, 

■{ 

Waterloo  Road  (beyond  Sta-\ 
tion).                                  J 

Oct  1894 

16  mths. 

A,. 

•047      „ 

4.     Black  butt, 

Do.                 do.. 

Sept.  1895 

6     „ 

Nil. 

Nil. 

6.     Stringy  barl 
6.    Jarrah, 

^f 

Do.                do., 

Oct.  1894 

16     „ 

iVriu. 

•047      „ 

Lambeth  Walk,     . 

Sept.  1889 

Nearly  7 

i    » 

•06769  „ 

7.         ,.     . 

Westminster  Bridge  Road,     . 

May  1889 

14    .. 

•1607    „ 

8.         „     . 

Do.           do.      do.. 

}» 

»i 

lA.. 

•16178  „ 

Observations  have  been  made  by  Mr.  C.  Mason,  Surveyor,  St.  Martin's 
Vestry,  London,  in  the  Strand,  at  West  Strand  Post  Office,  where  yellow 
deal,  which  had  been  previously  laid,  was  worn  down  i^  inches  in  twelve 
months.  This  particular  portion  of  the  thoroughfare  is  a  stopping-place  for 
omnibuses,  which  pass  there  to  the  number  of  between  300  to  400  per  hour, 
and  it  is  subjected  to  an  enormous  amount  of  hoof  and  wheel  traffic,  besides 
the  injurious  effect  resulting  from  skidding  the  wheels  of  these  vehicles. 

The  yellow  deal  pavement  at  this  point  was  replaced  with  Jarrah  first 
and  then  Karri  wood,  the  former  being  worn  down  to  the  extent  of  f  inch  per 
annum,  while  the  latter  timber  is  being  reduced  by  wear  at  the  rate  of 
^  inch  annually.  In  another  part  of  the  Strand,  near  Exeter  Hall,  Jarrah 
is  worn  down  ^  inch  per  annum,  while  the  yellow  deal  which  it  replaced 
lost  2j^  inches  in  four  years  or  f  inch  annually. 

480.  In  the  following  table,*  prepared  and  classified  by  G.  IL  Stayton, 
the  additional  information  in  regard  to  the  total  amount  of  traffic  passing 
over  the  particular  thoroughfare  reduced  to  a  standard  is  given,  along  with 
the  comparative  wear  and  other  particulars  relative  to  soft  wood  pavements. 


Minutes  Proe.  Inst,  Civ.  Engineers^  vol.  Ixxviii.,  Part  4,  p.  280. 
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Table  L. 


Weight 

wTdtiiVer 

day  of 
16  hours. 

Comparative  annual 

Sltoatlon. 

ByBtem. 

Depth  of 
annual 
wear  of 

,  wear  of  wood  as  re- 
duced to  a  traffic 
standard  of  750  tons 

wood. 

per  yard  width  per 
1            diem. 

Tons. 

Inch. 

Inch. 

1.  Fleet  Street,    . 

Asphaltic, 

1860 

0-456 

0-251 

2.  Ladgate  Hill, . 

Improved, 

1286 

0-428 

0-259 

8,  Oxford  Street.. 

Henson's  (East  Section), 

1191 

0191 

0-120 

4.  Fleet  Street,    . 

Henson's, 

1165 

0269 

0-178 

5.  Oxford  Street, . 

Plain,    .... 

1164 

0-476 

0-806 

7.'  PariiamentSt.! 

Asphaltic, 

1187 

0-484 

0-819 

Improved, 

1106 

0-154 

0-104 

8.  LeadenhallSt., 

Henson's, 

1000 

0-264 

0-198 

9.  Oxford  Street, . 

„        (West  Section), 

985 

0-829 

0-250 

11 !  Leadenhaii  St.', 

„        (Central), 

948 

0-828 

0-256 

Improved, 

808 

0-200 

0-186 

12.  Brompton  Rd., 

Asphaltic,      . 

648 

0-878 

0-481 

18.  King'aRoad,  . 

Improved, 

603 

0-167 

0195 

14.  Brompton  Kd., 

Henson's, 

584 

0-184 

0-286 

15.  Edgewflre  Rd., 

Plain 

584 

0-198 

0-254 

16.  Regent  Street,. 

Asphaltic,      . 

558 

0-286 

0-884 

17.       ,.          „       . 

Lloyd's, 

558 

0-214 

0-288 

18.  King's  Road,  . 

Improved  (pitch  pine),   . 

558 

0-089 

0-119 

19.       „          „       . 

Plain     .... 

551 

0-144 

0-196 

20.       „          „       . 

Plain  (asphalte  bed),      . 

498 

0-189 

0-209 

21.       „          „       . 

Plain  (pitch  pine), 

468 

0055 

0-088 

22.       „          ..        . 

Creosoted  blocks  (mastic 

joints),       .        .        . 

484 

0-189 

0-240 

28.       „          „       . 

Creosoted    blocks    (lime 

joints), 

407 

0-111 

0-204 

24.  Sloane  Street, . 

Plain,     .... 

279 

0  065 

0-175 

In  the  course  of  a  few  years  positive  information  as  to  the  relative  wear- 
ing capacity  of  the  Australian  and  the  other  hard  woods  now  employed  will 
be  available,  when  a  more  direct  comparison  of  the  life  and  ultimate  cost  of 
the  different  descriptions  of  wood  used  for  carriageway  pavements  may  be 
expected. 

481.  Cost  of  Wood  Pavements.— The  cost  of  laying  a  soft  or  hard  wood 
pavement  depends  on  circumstances,  the  work  being  for  the  most  part 
carried  out  by  contract ;  only  in  a  few  instances  is  the  timber  bought  at  so 
much  per  load,  cut  by  machinery  into  blocks  of  suitable  size,  and  the  work 
carried  out  by  the  local  administration.  The  price  of  yellow  deal  cut  to  size 
varies  from  X6  to  £7  per  1000  blocks,  and  for  Jarrah  and  Karri  from  about 
£6  to  £8  per  load,  although  the  prices  fluctuate  considerably  at  times.  The 
number  of  blocks,  3  inches  by  5  inches  by  9  inches,  which  can  be  cut  from  a 
load  is  estimated  at  640,  and,  including  handling  and  cost  of  cutting,  the 
price  may  be  taken  at  from  £10  to  £11  per  1000  blocks  for  Jarrah,  and  5s. 
less  for  Karri.     The  cost  of  the  pavement  is,  however,  generally  stated  at  so 
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much  per  square  yard,  and  may  vary  from  Ts.  to  Ss.  for  deal,  and  from  lis. 
to  138.  for  Australian  hard  wood  laid  on  existing  foundations.  These 
prices  are  further  influenced  hy  the  method  adopted  in  laying  the  paving, 
width  of  joint,  and  the  description  of  material  used,  as  may  he  gathered 
from  Tahle  LII. 

A  very  complete  and  interesting  summary  of  statistics  of  actual  cost 
relative  to  hard  wood  paving  laid  in  the  Lambeth  district  is  given  by  Mr. 
Norrington,''^  which  also  gives  the  area  paved  and  date  when  laid  in  different 
thoroughfares,  Table  LI. 


Table  LI. 

Showing  particvlare  of  certain  wood  pavemenh 

J  in  London. 

Area  in 

Date 
laid. 

Cost, 

Locality. 

square 

CJoet  of  work. 

per  yard 

Remarks. 

yards. 

sni^r. 

£     *.    d. 

8. 

d. 

Westminster  Bridge  Road,    . 

1,960 

1889 

1,096  11     9 

11 

84 

New,  replacing 
macadam. 

Lambeth  Walk,     . 

4,956 

1889 

8,095    6     1 

12 

6 

Ditto. 

Lower  Marsh,  etc.,  New  Cuf, 

8,728 

1890 

5,254    9    1 

12 

Oi 

Ditto. 

Oakley  Street, 

8,656 

1890 

2,216    9    0 

12 

n 

Ditto. 

Brixton  Road.  Brixton  Hill  ^ 

(part  of),  Kennington  Park  \ 
Road  (part  of),           .        j 

81,175 

1891-8 

28,944    0    0 

15 

41t 

Ditto. 

Stamford  Street,    . 

4,700 

1892 

2,628    8    8 

11 

2 

J  Relay,  replac- 
j     ine  deal. 

York  Road,  .... 

7,000 

1898 

8,952    5    7 

11 

8i 

Ditto. 

Brixton  Hill  (part  of),  . 

1.112 

1898 

798  19  10 

14 

H 

f  New,  replacing 
\     macadam. 

Albert  Embankment,   Lam-  \ 
bethRoad,         .                 / 

5,474 

1898 

8,676    2    9 

18 

64 

5  Relay,  replac- 
1     ing  deal. 

Westminster  Bridge  Roid,    . 

7,010 

1894 

4,159    5    Si 

11 

10 

f  New,  replacing 
\     macadam. 

Kennington  Road, 

21,878 

1894 

14,084    4    6i 

12 

104 

Ditto. 
( Jirrah,  stringy 
1      bark       and 

Waterloo  Road  (part  of), 

1,014 

1894 

522    7    7 

10 

84 

^      blue     gum, 
relay     part, 
L     and  part  new. 

Upper  Kennington  Lane, 

10,852 

1894  \ 

fi IRA     n      A 

9 

1 

\  Relay,  renlac- 
1      ing  deal. 

Lower  Kennington  Lane, 

7.574 

1895/ ■    ^'™    "    " 

Waterloo  Road,     . 

12,485 

1895    '    6,512    2    1 

10 

64 

)  Part  new  and 
/     part  relay. 

Kennington  Park  Road, 

4,838 

1895 

2,801  12    6 

12 

11 

f  New,  replacing 
\     macadam. 

Glapham  Road, 

16,295 

1895-6 

10,868  16    8 

18 

4 

Ditto. 

149,652 

•  "Hard  Wood  Paving,»*  by  J.    P.   Norrington,    A.M.I.C.E.,   Vestry   Surveyor, 
Lambeth,  London,  Proc.  Assoc,  of  MunicipaX  and  County  Engineers^  vol.  xxii. 
t  This  includes  cost  of  relaying  footpaths,  etc. 
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Table 


Name  or  Towns. 


First  ooit  per  aqoare  yard. 


i  Kind  of  foundation  and  aiie 

I  of  paving  blocki  In  Inches. 


1.  London— Hammersmith, 


Holhom,  . 
Lambeth, 


Us.  2d.  Indading  foundation. 


14s.9d. 
12s.  to  14s. 


Mile  End,01d  Town,  (Not  any.) 
Shoreditch,     .      .    14s. 


Stoke  Newington, 

Strand,     . 

St.  Martln'S'in-the- 
Field,  Charing 
Cross,    .      .      . 

St.  Mary,  Islington 

St.  Pancras,    . 

Whitechapel, 


2.  Glasgow,  . 

3.  Liverpool, 

4.  Manchester, 

6.  Birmingham, 
6.  Sheffield,  . 


7.  Belfast,     . 

8.  Bristol,     . 

9.  Edinburgh, 

10.  West  Ham, 

11.  Dublin,     . 


12.  Bradford, 


18.  Kewcastle-upon-Tyne, 
14.  Leicester, 


15.  Bolton, 


16.  I>undee,    . 

17.  Aberdeen, 

18.  Birkenhead,    . 

19.  Southampton, 


148. 9d.  hard,  Us.  5d.  soft. 


8s.  on  old  foundations. 


lOs, 

10s.  to  12s.  hard,  7s.  6d.  to  9s.  soft  on  old 

foundations. 
13s.  6d.  including  foundation. 

Us.  hard,  9s.  soft  on  old  foundation. 

12s.  6d.  to  16s.  including  foundation. 

138.  6d.  to  18s 
148.  to  16s. 

Us.  on  old  foundations. 

Us.  6d. 

(Not  any.) 

17s.  6d.  hard.  Us.  soft,  including  foun- 
dation. 
17s.  hard,  including  foundation. 

15s.  dd.  including  foundation. 
188. 


17s.  6d.  hard,  12s.  6d.   soft,  including 
foundation. 

15s.  including  foundation. 
148. 6d.       „         „ 


12s.  6d. 


'  P.   c.   concrete  6  in.  deep,  8x6x9, 
I       J.,  B. 


P.  c.  concrete  6  in.  deep,  8x6x9,  J*. 
I  ,,  6      „       8x4jx9,J. 


I  P.  c.  concrete  6  in.  deep,  5  in.  deep,  J. 


J.  and  Y.  D. 


8x4and6x9, 


P.  c.  concrete  12  in.  deep,  8x6x9, 
B.W. 


P.   c.   concrete  6  in.  deep,  8x6x9, 

mostly  Y.  D. 
P.  c.  concrete  6  to  7  in.  deep,  8x4^^ 

J.  and  Y.  D. 
P.    c.   concrete  6  in.   deep,  8x6x9, 

J.  K. 
P.   c.    concrete  6  in.   deep,  8x6x9, 

J.,  Y.  D. 
P.  c.  concrete  6  in.  deep,  8x6,  J.,  K., 

P.P. 
P.  c.  concrete  6  in.  deep,  various. 

6       „        8x6x6      to 

U,  B. 
P.   c.   concrete  6  in.  deep,  8x6x9, 

Y.  D. 
P.  c.  concrete  6  to  9  in.  deep,  8x6x9, 

mostly  Y.  D. 

P.  c.  concrete  6  in.  deep,  8x5x9,  J 

K.,  O.,  Y.  D. 
P.   c.   concrete  6  in.    deep,  8x6x9, 

J.,  K.,  T. 
P.  c.  concrete  6  In.  deep,  5  in.  deep,  J. 
»  6    „  8x6x7, 

P.    c  concrete  6  in.   deep,  8x5x9, 
J.,  E.  W. 

P.  c.  concrete  6  in.  deep,  3x6. 

„  6        ,,       4in.  deep,  K. 


8x6x9,  Y.D. 


(Not  any.) 
(Do.) 


I 


14s.  hard,  98.  6d.  to  lOe.  6i.  soft,  includ- 
ing foundation. 


20.  Wolverhampton,    ... 

21.  Coventry, (Not  any.) 

22.  Bury ISs.  including  foundation. 

23.  Hanley 128.       „  m 


P.   c.   concrete  6  in.  deep,  4x6,  J., 
Y.  D. 


P.  c.  concrete  6  to  9  in.  deep,  8x5,  B. 
„  6  in.  deep,  3x6,  B. 


Refebence  Table  as  to  Diffebent 

B.  Beech.    J.  Jarrah.    E.  Karri.    0.  Oak.    P.  P.  Pitch  Pine. 

*  This  table  is  compiled  from  different  sources,  chiefly  trom  Articles 


LII.* 
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Detcription  of 
groatixig. 


Dipped  In  pUota  and 
oreoiote  oil,  and  laid 
with  dose  jolnta. 

Bitnmlnoni  pitch. 
Pitch  and  creosote. 


Blocks  dipped  in  bitnmi- 

nous  mixture,  grouted 

with  P.  c.  grout 
Pitch  and  P.  c.  grout  for 

hard  wood ;  P.  c.  grout 

for  soft  wood. 
Bituminous  mastic  and 

P.  c.  grout 

Pitch,   tar,  and   P.    c. 

grout 
Bituminous. 

Pitch  and  creosote  oil. 

Pitch,  tar,  and  naphtha. 

Bituminous. 

Pitch  and  creosote  oiL 
Pitch,  tar,  and  sand. 

Portland  cement 

Dipped  in  pitch  and 
grouted  with  P.  c 

Dipped  in  tar  and  grouted 

with  P.  c. 
AsphalUc  or  cement. 

Pitch. 

Asphaltic  and  cement 

Pitch,  tar,  and  grouted 
with  cement  and  chip- 
pings. 

Boiling  pitch  and  tar. 

Pitch  and  tar. 


P.    cement    and     floe 
graveL 


Pitch  and  tar,  and  P. 
cement. 


Pitch  and  P.  cement. 
Oeosoted  oil  and  pitch, 
and  P.  cement 


Annual  cost  of  maintenance  per 

square  yard :  (al  repairs ;  (b), 

deanslng  and  watering. 


(ft) 
First  6  or  6  years 
nUL     afterwards 
wm    vary 
id.  to  2d. 


Id. 
Is. 


Varies. 
4d. 


7d.  to  Od. 


(b) 


2d. 


4jd. 

Varies. 
4d. 


lOd. 


6d. 


4d. 


ilifeof 
wood  paving 
under  heavy 
traffic 


J.,  12  years. 


About  80  yean. 
Laid  for  10  years. 


Not     yet     ascer- 
tained. 

8  to  10  years. 
8  to  10  years. 

b  to  12  years. 

Deal6to8;  J.  pro- 
bably 10  years. 

6  years  old  (laid  be- 
ginning of  1898X 

Soft  wood,  4  years; 

hard,  8  years. 
About  6  years. 

10  to  15  years. 
15  years. 

10  years. 

7  to  10  years. 

About  8  years. 
About  12  years. 

About  8  years. 

Soft  7  years,  hard 
14years.t 

About  12  years. 
Soft  wood  7  years, 

hard    wood    12 

years. 
10  years. 


15  years. 
12     „ 


BBXABK8. 


In  good  condition  (exceedingly 
heavy  traffic). 


Maintenance    cost  estimated 
for  first  three  years. 

Blocks   dipped    in    creosote 
before  using. 


Softwood  creoeoted  6  years 
in  Strand ;  heavy  traffic 


Heavy  traffic;  received  first 
repair  1899. 


Blocks  creosoted  and  reversed 

after  being  worn, 
(a)  Under  contract  for  21  years, 

including  all  repairs. 


Heavy  traffic. 


Only  been  laid  a  short  time 
Paving  been  down  from  7  to  11 

years  without  much  repaiiB. 
tExpected  to  last  these  number 

of  years. 


Jarrah,  and  deal  also  used, 
creosoted. 


Laid  only  to  a  limited  extent ; 
too  small  for  comparison. 

Not  long  enough  down  to 
give  results.  One  section 
under  light  traffic,  and  re- 
newed after  16  years. 

Only  recently  laid,  informa- 
tion therefore  not  available. 

Blocks  creosoted. 
Ditto. 


Kinds  of  Wood  Employkd. 

B.  W.  Sed  Wood.    T.  TaUow  Wood.    Y.  D.  Yellow  Deal. 

in  The  Municipal  Engineer  and  Surveycr,  by  Mr.  H.  Blchardson  (1899). 
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The  particulars  given  in  Table  LII.  show  in  a  comprehensive  manner 
the  class  of  wood  used  and  the  method  adopted  in  forming  the  joints 
in  laying  wood  pavements  in  the  principal  cities  and  towns  in  the  kingdom, 
with  the  cost  and  amount  of  annual  repairs  and  the  life  of  the  paving 
blocks  so  far  as  can  be  obtained.  The  towns  are  arranged  according  to  the 
populatiou. 

482.  From  the  figures  given  in  the  preceding  table  it  appears  that  the 
average  life  of  soft  wood  paving  in  the  busiest  thoroughfares  in  London  is 
about  6^  years,  and  for  Australian  hard  woods,  which  are  not  worn  out 
yet,  it  is  estimated  at  ten  years.  The  cost  of  paving,  assuming  the  existing 
foundations  to  be  sufficient,  is  8s.  for  deal,  and  lis.  for  Australian  hard 
woods  per  square  yard. 

Tbe  annual  expenditure  for  repairs  during  the  lifetime  of  the  pavement 
must  necessarily  be  a  variable  item,  although  it  must  obviously  be  less  for 
hard  wood  paving,  but  in  the  following  calculation  it  may  be  assumed  to 
be  the  same  in  order  to  allow  of  comparieous. 

The  relative  wear  and  annual  cost  of  pavements,  taking  the  life  or 
service  of  soft  wood  at  seven  yeai's,  and  Western  Australian  hard  woods  at 
twelve  years,  exclusive  of  annual  repairs  and  cleansing,  will  therefore  be 
as  followtj. 


Soft  Wood 
Pavements. 

First  cost  8s.  per  square  yard 

(exclusive  o f  foundations ), 

life  service  7  years. 

First  cost  per  annum 
during  life  of 
pavement.               ' 

13  •23d.  per  square  yard. 

Hard  Wood 
Pavements. 

First  cost  Us.  per  square  yard 

(exclusive  or  foundation), 

life  service  12  years. 

First  cost  per  annum      i 

during  life  of            ' 

pavement               < 

U'Od.  per  square  yard. 

This  clearly  shows  a  saving  in  favour  of  hard  woods,  and  that  economy 
may  be  effected  by  paying  a  higher  price  for  a  more  durable  material,  as  also 
that  a  hard  wood  pavement  with  twelve  years*  life,  estimated  by  wear,  is 
equivalent  to  a  soft  wood  pavement  having  seven  years'  service. 

Table  LUX.  gives  the  total  expenditure  and  amount  of  the  average 
annual  payments  on  the  first  cost  of  the  work,  but  exclusive  of  foundations, 
repairs,  and  cleansing,  for  soft  and  hard  wood  pavements  on  a  carriageway 
1  mile  lonsc  and  40  feet  wide. 
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Table  LIII. 


Description  of 
wood  pavement. 

One  mile  of    1     p^_- 

roadway,  40  ft.      ™? 

in  width,         JISL, 

areainy^uare      -JSr 

Total  cost 

Duration  of 
pavement 

Average  annual  cost 

of  repayment  of  loan 

at  8^  per  cent  spread 

over  period  of  duration 

of  wood. 

Deal  creosoted, 
8m.x5x9, 

Jarrab,       8  in. 
x6x9,  . 

23460-8            88. 
28460*8      ;      lla. 

£9884*82 
12903-44 

/years. 
12  years. 

£1270    2    7 
888  17     7 

If  the  repairs  and  cleansing  be  taken  into  account  there  can  be  no 
doubt  as  to  there  being  a  further  considerable  annual  saving  in  the  case 
of  hard  wood,  and  although  the  first  cost  is  greater,  hard  v7ood  pavements 
are  less  expensive  in  the  long  run,  particularly  where  vehicular  traffic  is 
heavy.  In  addition  to  this  there  is  a  considerable  advantage,  especially  in 
busy  carriageways,  of  the  thoroughfare  being  less  frequently  closed  for 
renewals,  which  is  a  matter  of  great  importance  to  business  people,  shop- 
keepers and  others. 


CHAPTER  XL 

ASPHALTE  PAVEMENTS. 

488.  Asphalte  pavements  for  carriageways  were  introduced  into  London 
in  1869,  having  been  used  in  Paris  as  early  as  1854,  vrhere  their  applica- 
tion became  general  in  1867. 

The  principal  sources  of  supply  of  bituminous  or  asphaltic  rock,  which 
is  a  natural  stone  consisting  of  fine  carbonate  of  lime  impregnated  with 
bitumen  or  mineral  pitch  of  a  liver  brown  colour,  are  Yal  de  Travers,  in 
Switzerland ;  Seyssel,  in  France ;  Limmer,  in  Hanover ;  and  also  some  Sicilian 
mines.  The  pitch  lake  in  Trinidad  supplies  the  bitumen  from  which  the 
best  artificial  asphaltes  are  made. 

The  asphalte  chiefly  used  for  carriageway  pavements  in  Europe  has 
hitherto  been  obtained  from  Yal  de  Travers  and  Limmer ;  that  made  from 
Trinidad  pitch,  although  more  or  less  a  failure  when  first  introduced  into 
this  country,  is  now  being  extensively  laid  in  London,  and  that  it  is  the  com- 
position best  suited  for  withstanding  the  heavy  and  continuous  wheel  traffic 
and  climate  appears  now  to  have  been  satisfactorily  determined. 

484.  In  Canada  and  the  United  States,  Trinidad  asphalte  only  is  used 
in  the  principal  cities  and  towns ;  over  30  million  square  yards  have  been 
laid,  the  length  of  carriageways  so  paved  being  approximately  2000  miles. 

It  appears  strange  to  remark,  as  already  observed,  that  the  earlier  Trinidad 
asphaltic  pavements  in  Europe  were  not  successful,  and  also  that  the 
thoroughfares  laid  in  Washington,  U.S.A.,  made  from  European  bituminous 
limestone,  were  likewise  failures. 

The  latter  kind  of  pavement,  laid  in  Pennsylvania  Avenue  and  other 
thoroughfares  in  Washington,  was,  after  a  few  years'  wear,  replaced  by  Trinidad 
lake  asphalte,  which  has  remained  for  a  considerable  period  of  time  in  an 
efficient  and  smooth  condition. 

485.  These  pavements  are  now  laid  only  in  a  compressed  form,  mastic 
asphalte  (as  generally  understood),  which  was  used  for  carriageways  at  one 
time,  being  now  a  thing  of  the  past.  In  the  bituminous  rock  pavements  the 
material  is  first  broken  to  about  3-inch  cubes,  then  pulverized  by  being 
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passed  through  a  disintegrator  and  reduced  to  a  fine  powder,  which  will  pass 
through  a  sieve  having  a  mesh  equal  to  O'lO  of  an  inch.  In  this  con- 
dition it  is  ready  for  use,  but  it  has  to  be  heated  before  being  applied  to  form 
the  street  covering. 

In  the  case  of  Trinidad  asphalte,  the  crude  bitumen  obtained  from  the 
pitch  lake  is  refined  so  as  to  eliminate  the  water  and  vegetable  matter  con- 
tained in  it.  This  refined  bitumen,  which  becomes  hard  when  cool,  is  con- 
verted into  '  asphaltic  cement/  by  adding  a  small  quantity  of  residuum  oil 
of  petroleum,  which  gives  the  mixture  a  certain  amount  of  plasticity.  This, 
added  to  sand  and  powdered  limestone,  forms  the  asphaltic  composition.  It 
cements  these  ingredients  together  when  mixed  hot,  the  proportions  being 
regulated  according  to  the  quality  of  the  *  asphaltic  cement'  and  the 
character  of  the  sand ;  if  this  is  of  a  suitable  nature,  the  limestone  dust  is 
dispensed  with  altogether.  The  climate  of  the  particular  town  in  which  the 
pavement  is  to  be  laid  has  also  a  considerable  influence  on  the  relative  pro- 
portions of  the  ingredients  in  the  mixture. 

Generally  the  proportions  may  be  taken  as  follows : — 

Asphaltio  cement, 14  to  17  per  cent 

Sand, 81  to  68      „ 

Stone  dnst, 5  to  15      ,, 


100    100 


486.  Contour  and  Gradients. — As  asphalts  pavements  are  extremely 
smooth,  surface  water  is  easily  drained  from  the  thoroughfare ;  consequently, 
an  excessive  rise,  or  even  the  amount  generally  given  to  a  pitched  or  wooden 
pavement,  is  unnecessary,  a  rise  of  about  ^  to  ^^^  of  the  width  of  the 
carriageway  being  in  most  circumstances  sufficient.  It  is  not  advisable  to 
lay  a  limestone  rock  asphalte  pavement  steeper  than  I  in  50  or  1  m  60,  and 
Trinidad  asphalte  1  in  25.  On  steeper  gradients  they  afford  but  little  foothold 
for  horses,  and  are  consequently  not  safe  to  travel  over. 

487.  Foundations. — A  solid  unyielding  foundation  is  indispensable  for 
all  asphaltic  pavements.  It  should  be  laid  in  a  similar  manner  to  that 
described  for  a  pitched  or  wooden  pavement  Considering  that  the  thickness 
of  the  asphalte  is  only  about  2  inches,  it  is  essential  that  the  concrete  be 
of  first  rate  quality ;  while  in  some  cases  the  depth  may  be  advantageously 
increased  to  9  inches  to  the  desired  contour,  and  floated  with  cement  mortar. 

488.  Compressed  asphalte  has  hitherto  been  the  name  applied  to  bitu- 
minous limestone  rocks  which  are  reduced  to  a  powder,  then  laid  on  the 
concrete  foundation,  rammed  with  punners  and  subsequently  rolled  until 
thoroughly  compressed.  Trinidad  asphalte  is  treated  in  a  similar  manner 
by  being  compressed  first  with  light  rollers,  and  subsequently  with  heavier 
ones.      Specifications  now  generally  state  that  the  work  is  to  be  of  rock 
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asphalte  or  Triuidad  asphalte,  as  a  means  of  distingaishing  these  different 
materials,  both  of  which  are  compressed  pavements. 

489.  The  natural  rock  for  carriageway  pavements  consists  of  carbonate 
of  lime  and  mineral  bitumen  in  variable  proportions,  that  containing  from 
7{to  12  per  cent  of  the  latter  being  best  suited  for  paving  purposes.  Should 
the  asphalte  contain  less  bitumen  than  7  per  cent.,  it  becomes  too  brittle 
and  is  liable  to  crack;  therefore  it  is  deficient  in  binding  properties.  If 
the  proportion  is  greater  than  12  per  cent.,  the  asphalte  will  be  too  soft^  and, 
consequently,  easily  affected  by  solar  heat. 

The  specific  gravity  of  bituminous  limestone  asphalte  varies  according 
to  the  proportion  of  the  bitumen  it  contains,  but  the  average  may  be  taken 
as  2*25,  and  the  weight  of  a  cubic  yard  3874  lbs. 

The  method  of  carrying  on  the  operations  of  laying  rock  asphalte  is  to 
heat  the  powder  in  revolving  cylinders  to  a  temperature  of  about  280"*  Fahr., 
in  order  to  evaporate  the  superfluous  moisture,  care  being  exercised  to  keep 
the  particles  as  free  as  possible,  so  that  they  will  remain  separate  without 
being  calcined.  Asphaltic  rock  containing  from  9  to  10  per  cent,  of  bitu- 
men is  that  most  suitable  in  all  circumstances.  The  powder  thus  heated  is 
conveyed  to  the  carriageway,  where  the  asphalte  pavement  is  to  be  formed, 
in  iron  covered  carts,  this  being  necessary,  so  that  it  may  not  lose  more  than 
twenty  degrees  of  heat  during  transit  and  may  retain  its  property  of  adhering 
under  compression. 

490.  As  the  surface  of  the  concrete  foundation  must  be  perfectly  dry 
when  the  asphaltic  powder  is  spread  upon  it,  this  work  can  only  be  accom- 
plished during  suitable  weather.  Dryness  is  absolutely  essential,  as  the 
best  asphalte  laid  upon  damp  concrete  draws  up  the  moisture,  which  is  con- 
verted into  steam  by  the  heated  powder ;  the  steam  escapes  through  the 
asphalte,  so  that  fissures  appear  when  the  surface  begins  to  wear.  When 
the  ingredients  are  mixed  in  wrong  proportions,  the  pavement  creeps  and  its 
surface  becomes  wavy.  Neglect  of  these  matters  led  to  failure  in  many  of 
the  earlier  attempts  to  construct  a  satisfactory  street  covering  with  this 
material. 

491.  Spreading  the  Asphalte  Powder. — The  heated  powder  is  spread  to  a 
depth  of  about  3  inches  upon  the  concrete  foundation,  and  raked  so  as  to  present 
a  layer  of  regular  depth  and  uniform  surface.  The  powder  is  then  rammed 
with  iron  disc-shaped  punuers,  weighing  about  10  lbs.,  heated  to  prevent  the 
adhesion  of  the  powder.  The  punning  should  be  performed  lightly  at  first 
to  ensure  an  equal  thickness  of  the  material,  and  the  force  of  the  blows 
subsequently  increased  until  the  whole  is  solidified.  The  pavement  is  then 
smoothed  with  suitable  curved  hot  iron  tools,  and  finished  with  a  hand 
roller  weighing  about  half  a  ton,  the  process  being  repeated  so  as  to 
compress  the  asphalte  to  the  required  thickness  of  2  inches,  and  until  it  is 
quite  cool. 
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A  light  sprinkling  of  sand  is  generally  thrown  over  the  finished  surface, 
a  few  hours  after  which  the  pavement  will  be  ready  for  traffic. 

In  the  case  of  asphalte  pavements  laid  with  bituminous  limestone 
powder,  as  described  above,  the  ultimate  consolidation  does  not  take  place 
till  some  considerable  time  after  the  thoroughfare  has  been  opened  to 
traffic.  It  is  not  until  then  that  the  actual  wear  of  the  pavement  com- 
mences. 

492.  Trinidad  Asphalte. — This  asphalte  is  generally  laid  on  a  Portland 
cement  concrete  foundation  similar  to  that  for  other  kinds  of  carriageway 
pavements,  and  upon  this  a  bituminous  concrete  course  may  be  advan- 
tageously introduced,  the  wearing  surface  being  united  to  it  in  one  mass, 
preventing,  or  at  all  events  minimizing,  the  forming  of  a  wavy  surface  and 
cracking. 

lu  addition  to  concrete  foundations,  existing  pitched  and  cobblestone 
pavements  and  also  macadam  roads  may  be  used  for  carrying  the  asphaltic 
wearing  surface.  This  is  accomplished  by  first  cleaning  out  all  earth  and 
soft  material  from  the  joints ;  the  surface  is  then  brushed  and  watered  to 
receive  a  grouting  of  cement  or  hydraulic  mortar,  and  to  fill  up  the  depres- 
sions, and  on  this  the  binder  course  is  spread.  This  method  has  only  been 
tried  to  a  limited  extent  in  this  country,  but  in  the  United  States  it  is 
extensively  practised,  where  Trinidad  asphalte  as  a  paving  material  is  almost 
exclusively  preferred. 

The  manufacture  of  bitumen  (which  is  found  in  a  crude  state  in  the 
West  Indian  Islands  and  South  America,  Trinidad  *  pitch  lake '  being  the 
best  source  and  at  the  same  time  furnishing  the  most  valuable  kind)  requires 
careful  manipulation  to  ensure  a  satisfactory  and  durable  carriageway  pave- 
ment. The  hard  or  compact  bitumens  are  the  most  useful  varieties,  but  they 
require  to  be  purified  or  refined  in  order  to  free  them  from  foreign  matter. 
Eefined  bitumen  is  hard  and  brittle,  and  consequently  requires  the  addition 
of  a  residuum  oil  as  a  flux.  The  proportion  of  the  flux  varies  from  10  to  12 
lbs.  of  oil  to  100  lbs.  of  refined  bitumen  according  to  the  quality  of  the 
flux,  liardness  of  the  bitumen,  the  purpose  to  which  and  the  locality  where 
the  asphalte  is  to  be  applied.  The  bitumen  is  melted  and  raised  to  a  tem- 
perature of  300°  Fahr.  before  the  oil,  previously  heated,  is  added  to  the 
mixture,  and  it  is  then  agitated  by  mechanical  means  or  by  a  blast  of  air 
until  it  has  acquired  the  desired  properties. 

When  in  this  particular  condition  it  forms  the  matrix  of  the  asphalte, 
the  aggregate  being  composed  of  clean  sharp  sand  and  stone  or  limestone 
dust.  The  proportion  of  these  ingredients  for  carriageway  pavements  varies, 
according  to  the  character  of  the  aggregate,  amount  and  nature  of  the  traffic, 
and  the  climate  of  the  district  where  it  is  to  be  used. 

As  the  success  of  this  particular  kind  of  pavement  depends  upon  the 
care  and  judgment  exercised  in  selecting  and  combining  the  materials,  and 
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on  the  laying  of  the  pavement,  skilled  labour  and  special  machinery  only  are 
employed. 

The  ingredients,  previously  heated  as  described,  after  being  measured 
(according  to  the  circumstances  just  mentioned),  are  thoroughly  incorporated 
in  a  mixer,  after  which  the  composition  is  ready  for  use.  It  is  conveyed  in 
specially  constructed  and  equipped  carts  to  the  street  where  the  asphalte  is 
to  be  laid,  and  there  spread  with  iron  rakes  to  a  depth  which  will  give  the 
desired  ultimate  thickness,  varying  from  1|  inches  to  2  inches  when  com- 
pressed by  means  of  a  steam-roller  weighing  7  tons,  which  is  equal  to  a 
compressive  force  of  170  lbs.  per  inch  of  width. 

To  obviate  creeping,  and  consequent  cracking  when  laid  on  a  Portland 
cement  concrete  foundation,  it  is  necessary  to  spread  a  cushion  layer  of 
bituminous  concrete,  or  'binder'  as  it  is  termed,  between  the  foundation 
and  the  asphalte  forming  the  wearing  surface.  This  binder  course  is  pur- 
posely made  more  plastic  or  cementitious  than  the  upper  or  wearing  layer 
of  asphalte,  so  as  to  combine  the  whole  in  a  homogeneous  mass. 

The  method  of  laying  Trinidad  asphalte  on  an  existing  foundation  in 
this  country  is  as  follows,  the  matrix  and  aggregate  of  the  wearing  surface 
being  approximately  as  under : — 

Asphaltic  cement,  from 12  to  15  per  cent 

Sand,  from 83  to  70        ,, 

Pulverised  carbonate  of  lime,  from  .  5  to  15        „ 

100    100 

In  order  to  make  the  pavement  homogeneous,  the  proportion  of  asphaltic 
cement  may  be  varied  according  to  the  quality  and  character  of  the  sand. 
The  carbonate  of  lime  may  be  reduced,  or  entirely  omitted,  when  suitable 
sand  can  be  obtained. 

493.  Trinidad  asphalte  pavement  for  first-class  carriageways  is  generally 
laid  to  a  total  thickness  of  2|  inches,  composed  of — 

Binder, 1  inch. 

Asphalte  sarface, li  n 

Total, 2i  inches. 

Binder  Course. — The  binder  course  consists  of  a  fine  bituminous  con- 
crete composed  of  clean  broken  stone,  slag,  or  gravel,  in  pieces  not  exceed- 
ing 1^  inches  in  their  largest  dimensions,  thoroughly  screened,  and  asphaltic 
cement  made  from  Trinidad  bitumen.  The  stone,  slag,  or  gravel  must  be 
heated  by  being  passed  through  revolving  heaters,  and  thoroughly  mixed  by 
machinery  with  the  asphaltic  cement,  in  the  proportion  of  about  15 
gallons  of  the  latter  to  1  cubic  yard  of  stone,  slag,  or  gravel.  The  mate- 
rial thus  treated  is  then  conveyed  to  the  work,  and  spread  on  the  foundation 
with  hot  iron  rakes,  and  immediately  rammed  and  compressed  with  steam 


ASPHALTE  PAVEMENTS.  353 

rollers,  while  the  mixture  is  in  a  hot  and  plastic  condition,  until  it  has  a 
thickness  of  1  inch.  The  top  surface  of  the  binder  course  should  be  made 
exactly  parallel  with  the  surface  of  the  pavement  when  finished. 

494.  Wearing  Surfetce. — Upon  the  binder  course  the  wearing  surface 
or  asphalte  pavement  is  laid,  the  composition  of  which  varies  in  the  propor- 
tions stated  at  p.  352,  the  density  of  the  pavement  being  determined  as  that 
best  adapted  to  the  climate  and  traffic. 

The  sand  and  asphaltic  cement  are  heated  separately  to  about  300**  Fahr. 
The  pulverised  carbonate  of  lime,  while  cold,  is  mixed  with  the  hot  sand  in 
the  requisite  quantities,  and  is  then  incorporated  with  the  asphaltic  cement 
at  the  required  temperature  and  in  the  proper  proportions,  in  a  suitable 
apparatus  which  will  effect  a  perfect  mixture. 

The  pavement  mixture,  prepared  in  the  manner  described,  is  then  laid 
upon  the  binder  course  in  one  coat;  it  should  be  brought  to  the  ground  in 
carts  or  wagons,  at  a  temperature  of  about  260°  Fahr.,  and  carefully  spread 
by  means  of  hot  iron  rakes.  This  must  be  carried  out  in  such  a  manner  as 
to  give  a  uniform  and  regular  surface,  and  to  such  a  depth  that,  after  having 
received  its  ultimate  compression,  it  will  have  a  thickness  of  1 J  inches.  The 
surface  is  first  compressed  by  hand  rollers,  after  which  a  small  quantity  of 
cement  is  swept  over  it^  and  then  thoroughly  compressed  by  means  of  a 
steam  roller,  the  operation  being  continued  so  long  as  the  roller  makes  an 
impression  on  the  surface.  One  cubic  yard  of  prepared  material  weighs 
about  IJ  tons,  and  the  area  which  it  will  cover  when  spread  to  different 
thicknesses  is  as  follows : — 

Pavement  2^  inches  thick,  about  1 2  square  yards. 
2  18 

f         ^2       >»  »»         *7  ,, 

Fig.  126  shows  a  cross-section  of  asphaltic  pavements  of  bituminous 
limestone  and  Trinidad  asphalte. 

495.  Many  combinations  of  this  class  of  pavement  have  been  introduced 
and  applied  in  this  country  with  varying  success,  the  source  of  supply  where 
the  necessary  constituents  are  obtained  sometimes  giving  the  name,  appa- 
rently new,  to  the  pavement,  which  is,  however,  in  reality  only  a  different 
composition  in  regard  to  the  quality  of  thei  bitumen,  the  nature  of  the  flux 
used,  or  the  other  essentials  which  go  to  make  a  successful  artificial,  but  at 
the  same  time  compressed  asphaltic  pavement. 

496.  Bitumen  and  Cruflhed  Granite  Pavement. — Bitumen  and  crushed 
granite  mixed  together  as  a  paving  material  has  been  experimented  upon  in 
the  United  States,  and  lately  in  Paris,  where  it  has  been  laid  in  the  follow- 
ing manner : — The  first  layer  of  asphalte,  a  thin  coat,  is  spread  on  the  beton 
foundation,  followed  by  a  layer  of  about  f  inch  crushed  granite,  which  is 
floated  with  a  grouting  of  liquid  asphalte,  then  finished  with  a  coating  of 
fine  crushed  granite  and  thoroughly  well  rolled. 

Z 
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This  pavement  is  being  used  extensively, 
and  is  stated  to  be  giving  satisfactory 
results. 

497.  An  asphaltic  pavement  recently 
introduced  from  the  United  States  was  laid 
in  Glasgow  about  two  years  ago.  It  is 
known  as  '  Alcatraz,'  which,  in  America,  is  a^ 
trade  name  for  the  '  flux  '  employed  in  many 
of  the  compositions  there  used,  and  which 
are  also  called  asphalte. 

This  new  description  of  paving  material 
was  laid  in  Buchanan  and  Castle  Streets,  Glas- 
gow, in  September  and  October  1897,  to  a 
thickness  of  3  inches  by  skilled  workmen,  and 
guaranteed  by  the  contracting  company  who 
undertook  to  maintain  the  pavement  for 
four  years  free  of  cost  to  the  Corporation. 
Singularly  enough  this  pavement,  which 
was  laid  on  a  thoroughfare  subject  to  heav}' 
traffic,  did  not  survive  twelve  mouths,  owing 
probably  to  the  composition  of  the  ingre- 
dients; it  was  lifted  and  re-laid  a  second 
time,  bat  again  showed  signs  of  giving  way 
during  the  winter  months.  On  account  of 
this  failure  the  American  company  lifted  the 
whole  of  the  pavement  laid  by  them,  and 
re-laid  it  a  third  time  in  July  1899,  the 
composition  of  the  ingredients  being  slightly 
altered,  and  it  is  now  stated  to  be  wearing 
well.  It  is  a  matter  for  conjecture  whether 
this  pavement,  as  originally  laid,  was  such 
as  to  stand  the  climate  of  Glasgow,  or  whether 
some  accidental  circumstance  had  intervened 
to  partially  destroy  the  pavement,  which  to 
all  appearance  was  well  constructed.  The 
cost  of  this  paving  in  Glasgow  averaged 
about  7s.  6d.  per  square  yard. 

498.  Asphalte  pavements  for  carriage- 
ways are  eminently  suited  for  cities  and 
towns  having  comparatively  level  thorough- 
fares. Among  other  advantages  which  these 
pavements  possess,  the  following  may  be 
mentioned.      They    are   jointless,    have    a 
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smooth  even  surface,  are  absolutely  impervious  to  moisture,  and  dry 
quickly  after  a  fall  of  rain ;  they  are  comparatively  noiseless,  and  easy  of 
traction,  consequently  they  are  pleasant  to  drive  over,  owiug  to  the 
absence  of  vibration  and  concussion.  They  are  very  durable,  quickly 
laid  and  easily  repaired,  a  matter  of  considerable  importance  in  thorough- 
fares where  continuous  wheel  traffic  exists,  and  this  greatly  lessens  the  incon- 
venience of  long  delays  during  renewals,  and  corresponding  inconvenience  to 
business  people  and  shopkeepers.  They  neither  absorb  nor  radiate  heat,  and 
having  a  smooth  surface,  they  can  be  quickly  and  easily  cleansed,  and  are, 
therefore,  perfect  sanitary  pavements ;  they  can  be  kept  scrupulously  clean 
by  washing,  which  no  other  kind  of  street  pavement  is  capable  of  in  so  effec- 
tive a  manner. 

499.  Asphaltes  thus  comply  with  almost  every  requirement  necessary  for 
a  first  class  carriageway  pavement,  except  in  one  great  particular,  namely, 
slipperiness.  Especially  is  this  so  in  the  case  of  compressed  rock  asphalte, 
the  limestone  of  which  becomes  hard,  smooth,  and  slippery  under  traffic. 

The  slippery  state  of  these  pavements  is  worse  in  certain  conditions  of 
the  atmosphere  such  as  during  the  prevalence  of  fogs,  and  after  a  light  shower 
of  rain,  when  the  dirt  which  may  be,  and  indeed  generally  is,  lying  on  the 
surface,  is  converted  into  a  greasy  film,  and  horses  retain  their  foothold  with 
difficulty.  This  mainly  affects  horses  drawing  heavy  loads,  especially  when 
stopping  or  starting,  and  also  fast  travelling  traffic. 

A  continuous  or  heavy  rainfall  cleauses  the  surface  to  a  certain  extent, 
and  in  this  thoroughly  wet  and  at  the  same  time  clean  condition,  it  is  then 
safe  to  travel  over.  The  application  of  sand  sprinkled  over  the  surface 
renders  this  kind  of  pavement  less  slippery,  but  this  advantage  is  gained  at 
the  expense  of  the  asphalte  covering,  the  surface  of  which  is  cut  into  by  the 
sand,  and  so  worn  and  defaced.  This  remedy  is,  moreover,  only  a  temporary 
one,  as  it  has  to  be  frequently  repeated  during  adverse  conditions  of  weather, 
and  ultimately  it  has  to  be  swept  off  in  the  form  of  mud. 

500.  As  these  pavements  are  constructed,  and  in  most  instances  main- 
tained, by  contractors,  it  is  the  practice  of  the  '  Asphalte  Paving  Companies ' 
to  charge  a  certain  price  per  square  yard  for  laying  according  to  the  thick- 
ness required,  and  also  to  maintain  the  surface  in  good  repair  at  a  fixed 
price  per  square  yard  annually,  for  a  definite  number  of  years. 

This  arrangement,  therefore,  does  not  admit  of  a  direct  comparison 
with  other  descriptions  of  pavement  similarly  situated,  where  constructed 
and  maintained  by  the  authorities'  own  staff ;  the  cost  of  the  annual  main- 
tenance, no  doubt,  is  given,  but  as  this  will  in  most  instances  be  a  fairly 
remunerative  figure,  the  actual  cost  for  repairs,  on  different  pavements,  can 
only  be  arrived  at  approximately. 

501.  It  is  difficult  to  ascertain  the  actual  life  of  asphalte  pavements 
under  traffic,  for  the  reason  that  repairs  are  immediately  carried  out  when 
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required,  probably  in  three  or  four  years  after  being  laid ;  consequently,  the 
whole  surface  in  the  course  of  time  is  in  reality  relaid  or  renewed. 

The  Val  de  Travers  compressed  rock  asphalte,  laid  in  the  Poultry  and 
Cheapside,  London,  in  the  latter  part  of  1870,  was  in  use  for  eighteen  years 
before  being  lifted  and  renewed.  This  asphalte  pavement,  which  was  laid 
to  a  thickness  of  2^  inches,  cost  16s.  3d.  per  square  yard,  and  Is.  9d.  for  the 
concrete  foundation  9  inches  thick,  or  an  inclusive  cost  of  18s.  per  square 
yard.  The  average  width  of  the  carriageway  between  the  kerbs  is  22  feet 
in  the  former,  and  30  feet  in  the  latter  thoroughfare,  while  the  wheel  traffic 
(1872-73)  is  stated  to  have  been  363  and  298  vehicles  respectively  per  foot 
of  width  in  twelve  hours,  no  weights  however  being  given. 

502.  The  first  cost  and  expenditure  on  maintenance  of  the  two  streets 
mentioned,  along  with  some  others,  are  given  in  the  following  table,  the  pave- 
ments having  been  repaired  by  contract  for  a  period  of  seventeen  years.* 

The  wear,  or  loss  of  thickness,  was  equal  to  '35  inch  next  the  kerb,  and 
*22  inch  over  the  general  surface  annually  in  Cheapside  and  the  Poultry, 
while  in  some  of  the  other  thoroughfares  it  amounted  on  an  average  to  '16 
inch,  and  in  Moorgate  Street  to  '1  inch  per  annum  next  the  kerb. 

Another  table,  LY.,  is  also  given,  which  shows  the  cost  of  the  different 
items  already  enumei-ated,  but  is  of  more  recent  date. 

508.  The  approximate  cost  of  asphalte  rock  pavements  in  the  city  of 
London  at  the  present  time,  exclusive  of  foundations,  is  as  follows : 

li  inches  thick.      2  inches  thick  per  square  yard. 
Val  de  Travers  asphalte,  9s.  9d.  12s.  6d.  ,, 

Limmer  ,,  Qs.  6d.  12s.  ,, 

Like  those  already  detailed  the  cost  for  annual  maintenance  varies  accord- 
ing to  the  locality  and  amount  of  traffic  passing  along  the  thoroughfare, 
but  is  generally  repaired  free  of  cost  for  the  first  two  or  three  years. 

Trinidad  asphalte,  exclusive  of  foundations,  varies  from  7s.  6d.  to  10s.  6d. 
per  square  yard,  according  to  the  thickness  of  the  binder  course  and  wear- 
ing surface,  quantity  required,  and  also  the  locality  and  distance  from  the 
works. 

These  are  the  prices  for  work  carried  out  by  the  Trinidad  Lake  Asphalte 
Paving  Company,  and  their  arrangement  for  repairs,  after  from  three  to 
five  years'  free  maintenance,  is  a  charge  of  from  3d.  to  6d.  per  square  yard 
annually,  according  to  the  volume  of  the  traffic  and  other  circumstances. 

*  Compiled  from  **  Roads  and  Streets  *'  (Colonel  Haywood's  report),  by  Law  &  Clark, 
fVecUe^s  Series,  No.  197. 
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CHAPTER    XIL 

BRICK  PAVEMENTS,  TAR  BCACADAM,  AND  MISCELLANEOUS   MATERIALS 
USED  FOR  CARRUGEWAYS — CONCLUSIONS. 

50i.  Brick  Pavements  for  carriageways  are  eztenBively  used  in  the  United 
States,  where  they  were  first  adopted  in  1872;  many  of  the  streets  in 
the  principal  towns  in  Holland  are  paved  with  this  material,  particularly  in 
Amsterdam  and  Rotterdam,  where  hricks  are  stated  to  have  been  employed 
for  paving  purposes  for  over  150  years.  Bricks  have  not  hitherto  been 
used  for  paving  to  any  great  extent  in  this  country,  although  there  are 
towns  with  a  medium  traffic  where  it  has  been  laid  as  a  pavement ;  they  are, 
however,  much  used  in  forming  street  crossings. 

505.  In  Liverpool,  'Tees  scoriaa'  bricks  from  Middlesbrough  were  laid  as 
a  trial  in  1881 ;  they  were  not,  however,  very  successful,  wearing  unevenly 
and  being  extremely  slippery.  The  unequal  wearing  was  probably  owing  to 
the  manner  in  which  they  were  manufactured,  as,  on  examination,  many 
of  the  bricks  were  found  to  have  large  holes  in  them,  where  the  materials 
had  not  fused  together. 

A  section  of  the  thoroughfare  in  Upper  Street,  opposite  Islington  Green, 
where  the  traffic  is  very  heavy,  was  recently  paved  with  bricks  experi- 
mentally ;  it  has  not,  however,  proved  successful,  but  further  trials  are 
being  made  in  London  on  streets  having  less  traffic  than  this  thoroughfare. 

506.  The  suitability  of  bricks  for  carriageway  pavements  depends  on  the 
quality  of  the  clay  from  which  they  are  made,  the  method  adopted  in  manu- 
facturing and  burning  them,  uniformity  of  shape  and  size,  and  the  extent  to 
which  they  will  conform  to  the  tests  for  absorption,  crushing  strength,  and 
abrasion,  while  in  addition,  the  specific  gravity  test,  varying  from  2*00  to 
2'30,  is  at  times  adopted. 

The  characteristics  which  brick  suitable  for  paving  purposes  shoidd 
possess  may  be  stated  as  follows : — 

(1)  It  should  not  absorb  more  than  3^  per  cent,  of  moisture  in  twenty- 
four  hours,  nor  be  acted  upon  by  acids. 

(2)  It  should  bs  rough  to  the  touch,  affording  a  good  foothold,  and  not 
liable  to  become  polbhed. 
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(3)  It  should  be  hard,  but  not  brittle,  give  a  clear  ringing  sound  when 
struck,  and  not  liable  to  scale  or  to  chip  on  the  edges. 

(4)  When  broken  it  should  show  a  compact,  uniform,  and  close-grained 
structure  free  from  air-holes  and  small  stones. 

The  composition  of  clay  varies  considerably,  but  most  bricks  are  made 
from  a  hydrated  silicate  of  alumina  in  combination  more  or  less  with  other 
substances,  such  as  magnesia,  iron,  lime,  and  potash.  Alumina  gives  elasticity, 
and  renders  the  material  tough  and  binding ;  magnesia  in  small  quantities 
renders  the  clay  fusible;  iron  is  advantageous,  tends  to  make  the  brick 
more  homogeneous,  aud  aids  in  producing  vitrification. 

Lime  in  excess  is  injurious,  aud  although  infusible,  is  changed  into 
caustic  lime  at  high  temperatures,  and  when  exposed  to  the  action  of  the 
weather  absorbs  moisture,  and  causes  disintegration.  The  alkalies,  varying 
from  1  to  3  per  cent.,  act  as  a  flux  in  chemical  combination  with  the  silica 
and  alumina. 

Clay,  to  make  satisfactory  paving  bricks,  must  be  rich  in  silica,  free 
from  lime,  and  able  to  withstand  without  fusing  a  red  heat  for  a  sufficient 
length  of  time  to  render  the  bricks  hard,  homogeneous,  and  impervious  to 
water. 

507.  The  methods  practised  in  preparing  the  clay  previous  to  being 
manufactured  into  paving  bricks  vary  considerably,  but  the  essential  points 
may  be  stated  as  follows,  namely — (1)  preparing  and  grinding  the  clay, 
(2)  tempering,  (3)  moulding,  (4)  drying,  (5)  burning,  which  will  be  briefly 
described. 

(1)  The  clay  is  prepared  by  removing  all  stones  or  other  foreign  impu- 
rities, and  then  grinding  it ;  different  methods  are  used,  but  the  finer  the 
clay  IB  ground  the  more  homogeneous  will  the  brick  be. 

(2)  Tempering  the  clay  is  performed  in  a  variety  of  ways,  but  generally 
by  machinery  in  the  form  of  pug-mills. 

(3)  The  clay  is  then  placed  in  moulds  and  pressed  by  hand,  or  by 
machinery,  the  object  being  to  compress  the  utmost  amount  of  clay  into  the 
moulds. 

(4)  The  bricks,  after  being  moulded,  are  slowly  dried  either  in  covered 
sheds  open  to  the  air,  or  in  chambers  heated  for  the  purpose. 

(5)  The  bricks  when  sufficiently  dried  are  then  piled  in  kilns  and  burned, 
either  on  the  up-draught  or  the  down-draught  system;  the  firing  should 
be  conducted  with  great  care,  as  the  perfection  of  the  brickg  depends  largely 
on  the  skill  with  which  this  operation  is  carried  out.  It  is  an  important 
matter  when  the  burning  is  completed — that  is,  just  short  of  fusion — to 
allow  the  heat  in  the  kiln  to  be  reduced  gradually.  This  process  of  anneal- 
ing produces  a  thoroughly  compact,  tough,  and  hard  brick.  The  time  required 
for  burning  may  extend  to  six  or  more  days. 

For  all  practical  purposes,  although  all  the  tests  mentioned  are  sometimes 
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carried  out,  the  suitability  of  bricks  for  paving  purposes  may  be  judged  by 
their  capacity  for  absorption  and  abrasion. 

508.  Absorption. — This  test,  which  represents  the  probable  effect  of 
abmostpheric  action,  is  of  great  importance ;  it  is  one  of  the  factors  which 
determine  the  life  of  a  brick  pavement.  The  alternation  of  wet  and  dry 
weather  to  which  all  pavements  are  subject  at  times,  and  also  the  freezing 
and  thawing  tend  to  disintegrate  bricks,  so  that  the  less  absorbent  they  are, 
the  more  durable  and  sanitary  they  will  be.  American  specifications  gener- 
ally stipulate  that  paving  bricks  must  not  absorb  more  than  1^  to  3^  per 
cent,  of  moisture  in  twenty^four  hours,  although  the  time  required  for  this 
test  is  at  times  extended  to  forty-eight  and  seventy-two  hours. 

509.  Abrasion. — ^This  test  for  paving  bricks  is  also  of  importance,  and 
is  carried  out  in  a  somewhat  similar  manner  as  in  testing  road  metalling. 
The  pounding  produced  by  horses'  feet  on  most  pavements  and  especially  on 
this  class,  causes  the  greatest  amount  of  wear,  so  that  the  material  which  can 
withstand  this  treatment  will,  in  all  probability,  be  the  most  suitable  and 
give  the  longest  service  as  a  pavement 

There  are  no  standard  conditions  by  which  different  bricks  can  be  com- 
pared, the  *  rattle'  or  Humbler'  test  being  carried  out  with  the  bricks 
placed  in  it  alone  or  with  iron  castings  or  other  material  introduced.  The 
construction  of  the  testing  machine,  the  number  of  revolutions  per  minute, 
the  duration  of  the  test,  and  the  percentage  of  loss  are  all  matters  which  have 
a  direct  bearing  on  the  subject 

510.  So  far  as  the  resistance  to  crushing  of  bricks  is  concerned,  it  seems 
remarkable  that  some  specimens  should  possess  a  greater  crushing  strength 
than  most  kinds  of  granite,  although  they  are  not  so  tough.  Staffordshire 
blue  bricks,  tested  by  Kirkcaldy,  gave  the  crushing  resistance  at  from  15,000 
to  18,000  lbs.  per  square  inch,  while  the  strength  of  granite  similarly  tested, 
varied  from  12,000  to  18,000  lbs.  per  square  inch. 

In  the  United  States,  where  particular  attention  is  paid  to  the  manufac- 
ture and  burning  of  bricks  for  jiaving  purposes,  recent  tests  at  Watertown 
Arsenal  showed  that  22,000  lbs.  per  square  inch  was  attained.  In  some 
cases  the  crushing  resistance  has  reached  the  abnormal  figure  of  30,000  lbs. 
per  square  inch,  but  7150  lbs.  per  square  inch  appears  to  be  the  average  in 
America.  The  tests  are  carried  out  there  on  a  very  extensive  scale,  testing 
laboratories  having  been  established,  equipped  with  suitable  apparatus  for 
this  purpose. 

As  the  suitability  of  bricks  as  a  paving  material  depends  on  the  nature 
of  the  clay  from  which  they  are  manufactured,  careful  analysis  and  tests 
are  absolutely  necessary  where  this  pavement  is  laid  to  any  great 
extent 

Brick  paving  has  been  in  use  in  America  for  nearly  thirty  years,  but 
more  particularly  during  the  last  seventeen  years  has  it  extended,  especially 
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in  districts  where  suitable  clay  is  easily  obtained,  and  where  other  pave- 
ments  are  prohibited  on  account  of  cost  alone. 

511.  Size  of  Bricks. — ^The  standard  size  of  building  brick  in  this  country 
is  9  inches  x  4|  inches  by  3  inches,  and  it  is  considered  that  this  would  also 
form  a  convenient  size  for  paving  purposes. 

In  the  United  States  the  sizes  vary  considerably,  but  the  dimensions  of 
brick  mostly  used  are  9  inches  x  4  inches  by  3  inches.  They  are  formed 
with  square  edges  and  rounded  nosings,  while  many  are  made  with  rounded 
tops.  The  square  edge  makes  the  best  joint,  is  less  noisy,  and  more  readily 
cleansed,  although  the  arrisses  become  chipped  by  the  action  of  the  horses' 
feet. 

512.  Foundationa. — ^Many  of  the  brick  pavements  in  the  United  States 
were  simply  laid  on  the  natural  ground,  previously  rolled ;  in  other  instances, 
slag,  gravel,  and  ordinary  macadam  have  been  used  and  steam-rolled  before 
laying  the  brick  pavement. 

The  best  work  is  now,  however,  being  carried  out  by  forming  a  concrete 
foundation  similar  to  that  used  for  first-class  pavements  in  this  country,  and 
no  doubt  the  success  of  the  paving  will  be  greatly  enhanced,  and  the  life  or 
service  of  the  bricks  extended,  if  laid  on  concrete. 

518.  Laying. — The  bricks  are  laid  on  a  cushion  of  sand,  as  in  the  case 
of  a  pitched  pavement,  at  one  time  spread  to  a  depth  of  3^  inches,  but  now 
generally  from  1  inch  to  2  inches  in  thickness.  The  bricks  are  laid  on  edge 
close  up  to  the  kerbs  without  any  channel  courses,  at  right  angles  to  the  centre 
line  of  the  thoroughfare,  or  at  an  angle  of  60*,  which  is  preferred  in  some 
towns.  The  bricks  are  for  the  most  part  laid  with  as  close  a  joint  as  possible, 
but  in  some  cases  with  a  ^inch  apace  to  allow  for  grouting.  The  irregular 
shape  of  the  bricks  generally  permits  of  a  sufficiently  wide  joint  for  this  pur- 
pose. Closers  are  specially  made  to  avoid  cutting  the  ordinary  bricks,  and 
vary  from  ^  to  f  lengths.  The  paving  is  then  rammed  or  rolled  with  horse- 
rollers  drawn  by  men,  or  by  light  steam-rollers ;  any  defective  bricks  being 
replaced  before  filling  the  joints. 

514.  Grouting. — This  is  effected  with  clean  river  sand,  cement,  or  pitch. 
In  the  case  of  the  two  latter  materials,  the  joints  are  filled  by  means  of  an 
iron  funnel-shaped  tool,  having  a  small  hole  at  the  bottom,  the  flow  of  the 
grout  being  regulated  by  a  plug  valve. 

The  surface  is  finished  by  covering  the  pavement  with  course  sand  from 
^  inch  to  1  inch  in  thickness,  which  is  allowed  to  remain  for  ten  or  twelve 
days,  the  traffic  passing  over  the  pavement  meanwhile,  and  is  then  swept  off. 

Specifications  for  brick  pavements  differ  widely  in  their  requirements, 
and,  as  already  mentioned,  no  standard  for  testing  the  quality,  or  the  method 
of  construction,  has  been  arrived  at. 

515.  The  following,  however,  will  give  a  general  idea  of  the  manner  in 
which  this  class  of  pavement  is  carried  out  in  Indianopolis,  U.S.A. 
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New  specification  for  brick  paving  as  adopted  by  the  Indianopolis  Board 
of  Public  Works.* 

1.  Upon  the  foundation  of  concrete  or  broken  stone,  as  specified,  will  be 
laid  a  bed  of  fine  sharp  sand,  free  from  loam  and  vegetable  matter,  and  which 
will  pass  through  a  f-inch  mesh. 

The  layer  shall  be  2  inches  in  thickness  when  compacted  to  serve  as  a 
bed  for  bricks,  which  will  be  laid  directly  upon  and  imbedded  in  it,  with  close 
end  and  side  joints. 

2.  The  bricks  or  blocks  must  be  specially  hard  burned  for  street  paving, 
free  from  flaws,  cracks,  or  breaks,  and  equal  in  all  respects  to  the  samples  for 
the  pavement  tendered  upon  to  be  filed  in  the  office  of  the  board.  The 
dimensions  shall  not  be  less  than  2^  inches  in  thickness,  by  4  inches  in 
depth,  and  8  inches  in  length.  The  variations  in  size  of  bricks  furnished 
must  not  be  more  than  ^  inch  in  thickness  or  depth.  If  the  bricks  furnished 
are  found  to  vary  more  than  the  specified  amount,  they  shall  be  sorted  and 
properly  laid  with  reference  to  sizes,  as  directed  by  the  engineer. 

3.  The  kind  and  size  of  brick  shall  be  specified  in  the  tender  and  shown 
by  the  samples  submitted,  and  the  contractor  shall  also,  if  required,  furnish 
samples  of  materials  used  in  their  manufacture  and  analyses  of  the  same, 
and  a  statement  showing  the  kinds  and  proportions  of  material  used  in 
making  the  brick,  and  the  manner  of  making  and  burning  the  same.  The 
brick  shall  be  subject  to  test  at  any  time,  and  the  contractor  must  furnish 
the  brick  selected  by  the  engineer  for  test  without  additional  compensation. 

4.  All  bricks  shall  be  subject  to  thorough  inspection  by  the  engineer 
and  his  agents,  both  before  and  after  laying,  and  all  rejected  material  shall 
be  removed  from  the  street  immediately,  and  deficiencies  made  good  by  the 
contractor,  and  he  shall  at  all  times  provide  at  his  own  expense  a  sufficient 
number  of  men  to  assist  the  engineer  and  his  inspectors  in  the  proper  inspec- 
tion and  culling  of  the  bricks. 

5.  Upon  the  cushion,  when  prepared  as  above  specified,  the  paving 
bricks  are  to  be  laid  in  the  following  manner. 

The  pavement  is  to  be  constructed  with  a  single  layer  of  bricks  laid  on 
edge,  end  to  end,  in  right  angle  or  diagonal  courses  across  the  street^  except 
at  street  intersections,  where  the  courses  are  to  be  placed  at  such  angles  ad 
the  engineer  shall  direct. 

The  bricks  are  to  be  set  in  straight  courses,  with  the  body  of  the  bricks 
close  together,  sides  and  ends  touching,  and  breaking  joints  at  least  2  inches 
with  the  bricks  in  adjoining  courses.  The  contractor  may  be  required  to 
lay  ever^  tenth  course  to  a  line.  They  are  to  be  set  perpendicular  to  the 
grade  of  the  street,  and  to  a  height  of  \  inch  to  f  inch,  or  such  other  height 
as  the  engineer  may  direct,  above  the  true  grade  and  crown  of  the  street 

•  Extracted  from  paper  on  "Brick  PavlDg  for  Carriageways,'*  by  John  T.  Eayrs, 
M.I.G.E.,  F.S.I.,  Proe,  Assoc  of  Municipal  and  CowUy  Engineers,  vol.  xxiii. 


364  ROAD   MAKING   AND   MAINTENANCE. 

when  finished,  to  provide  for  settlement  in  ramming  and  rolling.  Nothing 
but  whole  brick  shall  be  used,  except  in  starting  courses  or  in  making  a 
closure  at  kerbs,  catch  basins,  rails,  and  street  structures,  when  not  less  than 
half  bricks  may  be  used  in  breaking  joints,  which  shall  be  made  tight  and 
close  at  the  ends. 

Great  care  shall  be  taken  in  breaking  and  trimming  the  bricks  for  the 
purpose,  so  as  not  to  check  or  fracture  the  part  to  be  used ;  all  joints  shall 
be  broken  or  cut  at  right  angles  to  top  and  sides  of  bricks.  The  breaking 
and  trimming  must  be  done  by  experienced  men  working  with  proper  tools. 

6.  The  paving,  when  laid  as  specified,  and  before  the  filling  of  the  joints 
and  top  dressing  lb  put  on,  shall  be  thoroughly  rolled  three  or  more  times 
lengthwise  of  the  street^  with  a  roller  weighing  not  less  than  5  tons.  All 
parts  of  the  pavement  which  cannot,  in  the  opinion  of  the  enginner,  be  pro- 
perly rolled,  shall  be  thoroughly  rammed  three  times  or  more  in  such  manner 
as  the  engineer  shall  direct. 

7.  All  soft,  cracked,  or  defective  brick  found  in  the  pavement  at  any 
time  before  the  pavement  is  accepted,  whether  developed  by  rolling,  ramming, 
or  otherwise,  shall  be  removed  by  the  contractor  and  replaced  at  his  expense. 

8.  The  contractor  shall  remove  all  rubbish  and  thoroughly  sweep  the  street 
for  inspection  of  grade,  surface,  and  material  before  joint  filling  is  put  on. 

9.  The  joints  shall  then  be  filled  as  nearly  as  possible  from  bottom  to 
top  with  a  paving  cement  or  grout,  as  specified  in  the  tender  and  contract,  and 
according  to  a  formula  for  composition  and  consistency  of  same,  approved 
by  the  Board  of  Public  Works  and  the  engineer.  Sand  may  be  used  as  a 
filler  in  alleys  when  specifically  stated  in  the  specifications,  to  be  applied  as 
directed  by  the  engineer. 

10.  When  grout  is  used,  it  must  be  equal  or  superior  to  a  grout  com- 
posed of  one  part  of  Portland  cement  by  measure,  and  one-and-a-half 
parts  of  fine  sand  which  will  pass  through  a  -^  inch  mesh.  It  shall  be 
of  such  a  consistency  as  to  run  readily  into  the  joints,  and  shall  be  swept 
in  rapidly.  The  pavement  shall  be  gone  over  a  sufficient  number  of  times 
to  fill  every  joint.  When  the  foundation  is  of  broken  stone,  the  engineer 
may  require  the  grout  to  be  put  on  in  two  coats,  the  first  coat  to  be  of  such 
proportions  as  he  may  direct. 

1 1 .  When  paving  cement  is  used,  it  must  approach  as  nearly  as  possible 
to  the  condition  of  being  pliable,  not  brittle,  in  cold  weather,  and  so  solid 
in  hot  weather  that  there  will  be  no  tendency  to  run  out  of  the  joints.  It 
shall  be  equal  or  superior  in  quality  to  a  cement  composed  of  10  per  cent  of 
refined  Trinidad  asphalte,  mixed  with  90  per  cent,  coal  tar  paving  cement, 
distilled  at  a  temperature  not  less  than  600°  Fahr.  The  temperature  showu 
on  the  gauge  attached  to  the  cement  tank  shall  show  not  less  than  300*" 
Fahr.  while  the  cement  is  being  applied,  and  shall  show  such  higher  degree 
as  the  engineer  may  direct,  if  considered  necessary  by  him  on  account  of 
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weather  or  character  of  materials  used,  to  render  the  cement  fluid  enough  to 
ran  into  the  joints  properly. 

The  paving  cement  shall  not  be  used  unless  the  bricks  are  thoroughly 
dry.  The  cement  shall  be  carefully  poured  from  a  vessel  having  a  small 
spout,  so  that  it  will  run  into  the  joints  directly.  This  will  be  insisted  on, 
especially  in  cool  weather. 

Any  excess  of  cement  on  the  surface  shall  be  broomed  off  so  as  to  leave 
as  little  as  possible  thereon.  Great  care  must  be  taken  not  to  disfigure  the 
kerb,  walks,  or  lawns  with  materials,  and  any  damage  on  this  account  must 
be  repaired  by  the  contractor.  Extra  care  and  material  must  be  taken  at 
the  gutters  and  around  catch  basins  or  other  structures  in  filling  all  joints  in 
both  paving  and  kerbing  to  effectually  prevent  the  leakage  of  water  into  the 
sub-roadway.  All  joints  shall  be  completely  filled  to  the  top  before  the  top 
dressing  is  put  on. 

12.  The  surface  of  the  pavement,  when  completed  as  above,  shall  be 
covered  with  a  ^-inch  top  dressing  of  clean  coarse  sand  of  an  approved 
quality.  The  sand  shall  be  removed  by  the  contractor  in  two  weeks  after 
completion  of  the  pavement  or  on  notification  from  the  engineer. 

13.  The  Board  of  Public  Works  reserves  the  right  to  change  the  kind 
of  brick  or  filling  to  be  used  in  the  pavement,  even  after  the  contract  has 
been  let;  this,  in  case  it  is  found  necessary  to  do  so  by  the  failure  of  the 
contractors  to  furnish  the  materials  tendered  upon  and  mentioned  in  the 
contract  to  be  used. 

516.  Advantages  and  DefectB  of  Brick  Pavements. — The  advantages 
of  a  brick  pavement  are  stated  to  be  ease  of  traction  and  fairly  good  foothold 
for  horses ;  it  is  easily  repaired  and  cleansed,  consequently  it  is  sanitary ;  and 
it  is  durable  under  moderate  traffic.  The  defects  of  brick  pavement  arise 
principally  from  the  lack  of  uniformity  in  shape  and  quality,  which  necessi- 
tates the  making  of  a  wide  joint  in  most  cases,  while  the  soft  or  more 
porous  bricks  are  liable  to  disintegrate  under  the  action  of  traffic  or  the 
effects  of  frost. 

517.  Life  of  Brick  Pavements. — In  America,  where  the  experience  of 
this  description  of  pavement,  laid  on  concrete  foundations,  has  extended  to 
a  period  of  about  seventeen  years,  the  life  time  is  stated  to  be  from  fifteen 
to  twenty  years  under  ordinary  conditions.  In  many  instances,  where  the 
paving  has  been  down  for  ten  or  twelve  years,  it  is  reported  to  be  in  good 
condition  and  but  little  worn. 

The  durability  of  course  depends  greatly  on  the  nature  and  amount  of 
wheel  and  hoof  traffic,  and  also  the  climatic  conditions,  which  latter,  it 
must  be  remembered,  are  more  severe  there  than  in  this  country. 

518.  Cost. — The  cost  of  constructing  a  brick  pavement  in  the  United 
States  varied  in  1890  from  5s.  to  9s.  per  square  yard;  the  latter  was  on  a 
foundation  of  concrete. 
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It  is  reasonable  to  suppose  that  brick  paving  could  be  carried  out  in  this 
country,  when  the  bricks  can  be  obtained  within  a  moderate  distance  of  the 
locality  where  they  are  to  be  laid,  for  68.  4d.  per  square  yard,  or  8s.  lOd. 
per  square  yard,  including  a  concrete  foundation  6  inches  deep. 

519.  M'Bougall's  Patent  'Gombmation  Sett  Pavement.'— A  great 
many  street  crossings  in  provincial  towns  are  laid  with  this  patent  pave- 
ment, which  is  stated  to  wear  weU,  and  give  an  excellent  foothold  for  horses. 
It  consists  of  a  highly  vitrified  blue  paving  brick,  10  inches  x  i^  inches  by 
5  inches,  containing  recesses  on  the  top  or  wearing  surface,  into  which  square 
plugs  of  creosoted  wood  1  inch  square  and  2  inches  long  are  driven,  so  as  to 
project  ^  inch  above  the  surface  of  the  brick.  It  is  laid  on  a  concrete 
foundation,  with  close  joints  and  grouted  with  a  bituminous  mixture ;  it  is 
claimed  to  be  a  durable  and  non-absorbent  pavement^  wears  evenly,  and  is 
not  slippery,  while  it  is  readily  handled  and  kid,  and  cheap  in  first  cost. 

520.  Cork  Pavement. — This  paving  material,  which  is  of  an  elastic 
nature,  is  composed  of  cork  ground  very  small  mixed  with  bitumen  and 
fibre.  The  blocks  are  made  in  moulds,  and  measure  9  inches  x  4^  inches 
by  2  inches  in  depth,  and  are  subjected  to  a  hydraulic  pressure  of 
600  lbs. 

The  foundations  are  prepared  in  the  usual  way  by  spreading  Portland 
cement  concrete  6  to  9  inches  deep,  and  finishing  to  a  proper  contour,  then 
floating  the  surface  with  cement  in  order  to  form  a  thoroughly  smooth  sur- 
face. The  foundation,  when  thoroughly  dry  and  set  hard,  is  coated  over 
with  a  thin  layer  of  hot  tar  and  tallow  mixture,  in  the  proportion  of  4  oz. 
of  tallow  to  one  gallon  of  tar.  The  general  practice  is,  however,  to  apply  a 
thin  coating  of  mineral  tar  spread  with  a  brush.  This  is  allowed  to  set  or 
cool  previous  to  commencing  the  laying  of  the  blocks. 

The  cork  blocks  are  then  dipped  in  a  hot  jointing  mixture  composed 
principally  of  asphalte,  at  such  an  angle  that  the  entire  bottom  is  covered, 
and  nearly  the  whole  of  the  way  up  one  side  and  end.  This  is  readily  done 
by  using  a  slater's  hammer,  or  other  similar  sharp  pointed  tool ;  the  blocks 
are  then  quickly  and  firmly  placed  in  position,  keeping  the  joints  as  thin  as 
possible,  but  full  of  bitumen,  and  the  surface  of  the  block  at  its  proper 
level. 

It  is  claimed  for  this  pavement  that  it  is  non-absorbent,  non-slippery, 
resilient,  and  practically  noiseless.  When  these  blocks  are  laid  in  position 
they  form  a  solid  and  thoroughly  sanitary  pavement. 

It  is  giving  great  satisfaction  where  it  has  been  tried,  and  is  slowly 
creeping  into  favour.  This  class  of  pavement  has  been  laid  for  a  few  of 
the  Vestries  and  the  County  Council  of  London.  It  has  also  been  laid 
in  Bournemouth,  Nottingham,  Hanley,  Windsor,  and  York.  Many  of  the 
railway  companies  use  this  description  of  paving  material. 

The  cost  of  this  pavement,  including  laying  and  jointing  material,  on  a 
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newly  prepared  or  existing  foundation  is  lOs.  6d.  per  square  yard  in  London, 
and  varies  from  this  price  to  15s.  per  square  yard  in  the  proviuces. 

521.  Sanitary  Block  Pavement. — These  blocks  are  composed  of  granite 
chippings,  or  other  suitable  stone  partly  pulverised  and  then  heated  to  a 
high  temperature,  mixed  with  a  certain  proportion  of  Trinidad  asphalte,  and 
finally  subjected  in  this  heated  state  to  an  immense  pressure,  and  moulded 
into  a  solid  homogeneous  block,  measuring  12  inches  x  4  inches  x  4  inches. 

This  pavement  is  laid  in  the  same  way  as  a  pitched  carriageway,  on  a 
concrete  foundation  and  cushion  bed  of  sand.  The  blocks  are  uniform  in 
shape,  and  are  laid  close  together ;  the  joints  soon  become  closed  by  com- 
pression under  traffic,  but  they  are  generally  filled  with  cement  grout.  It 
is  claimed  for  this  pavement  that  it  is  non-absorbent,  does  not  polish  or 
become  slippery,  and  can  be  used  with  safety  on  gradients  up  to  1  in  25.  It 
is  comparatively  smooth,  is  easy  of  traction,  affords  a  sure  foothold  for  horses, 
is  noiseless,  is  not  affected  by  heat  or  cold,  and  can  be  easily  cleaused. 

This  pavement  has  been  in  use  in  Philadelphia,  Washington,  and  other 
American  towns  for  over  fifteen  years ;  it  was  laid  in  Carlos  Place,  Grosveuor 
Square,  and  at  the  Cumberland  Gate  entrance  to  Hyde  Park,  London,  two 
years  ago,  and  is  giving  every  satisfaction,  especially  in  regard  to  foothold 
for  horses. 

Sanitary  block  pavement  can  be  laid  at  a  cost  of  15s.  per  square  yard 
in  London  and  towns  on  the  west  coast. 

522.  Tar  Macadam. — This  pavement  is  very  suitable  for  thoroughfares 
which  are  comparatively  level,  in  suburban  districts  and  towns  with  medium 
traffic,  and  makes  an  excellent  substitute  for  ordinary  macadam. 

It  is  of  very  old  standing,  and,  although  not  extensively  used  in  the  past, 
is  now  being  introduced  into  districts  where  its  principal  ingredients  are 
readily  obtainable.  It  is  less  expensive  to  maintain  than  a  steam-rolled 
macadam  roadway ;  the  initial  cost,  however,  is  much  gicater.  Tar  macadam 
forms  a  smooth  pavement,  is  practically  noiseless,  non-absorbent,,  and  easily 
cleansed. 

Tar  macadam  paving  has  been  executed  by  different  methods  with  vary- 
ing success,  and  in  many  instances  failure,  depending  on  the  system  adopted, 
the  quality  of  the  materials  employed  in  the  different  localities  where  used, 
and  the  nature  of  the  weather  when  the  paving  operations  were  carried  out. 
The  tar,  which  acts  as  a  water-tight  cement  on  the  stone  forming  the  aggre- 
gate and  protects  it  from  weathering,  is  of  variable  quality. 

523.  It  is  occasionally  used  in  a  natural  state  after  having  been  stored 
for  several  months  to  allow  the  volatile  oils  and  water  to  escape  or  come 
to  the  surface.  When  used  under  these  circumstances  for  paving  purposes, 
it  should  be  drawn  from  the  lower  end  of  a  covered  tank  of  some  depth. 
The  same  result  is  attained  during  the  boiling  operations ;  the  lighter  the 
tar  the  longer  must  it  boil,  so  that  all  light  oils  and  water  may  be  driven 
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off.     It  is  now,  however,  geuerally  used  in  the  refined  or  distilled  state, 
which  gives  the  best  results. 

524.  The  stones  which  form  the  bulk  of  the  mixture  may  consist  of 
flints,  granite,  whinstone,  or  gravel ;  but  for  really  successful  work  Kentish 
ragstone  or  mountain  limestone  alone  should  be  employed,  as  a  more  reliable 
and  durable  pavement  will  be  the  result.  The  stones  should  be  fairly  tough 
and  sufficiently  permeable  to  admit  of  the  tar  being  partially  absorbed,  which 
is  a  necessary  quality  for  making  tar  macadam.  The  preparation  of  the 
^gregate,  previously  broken  to  the  requisite  gauge^  so  as  to  remove  moisture 
and  to  make  the  tar  adhere  more  readily  to  the  stone,  is  performed  in  various 
ways. 

525.  The  old  method  of  accomplishing  this  is  to  make  a  stack  of  stoae 
and  coke  of  rectangular  shape,  or  in  the  form  of  a  cone,  and  burning  the 
pile  in  the  open.  The  stones,  varying  in  size  up  to  a  2-inch  gauge,  are  laid 
to  a  depth  of  about  12  inches,  and  on  this  is  spread  a  layer  of  coke  and 
breeze  3  to  4  inches  thick,  along  with  a  few  pieces  of  wood  to  assist  the  fire  ; 
the  stack  is  carried  to  a  height  of  about  5  feet  and  then  kindled.  The  fire 
penetrates  the  mass,  the  process  of  burning  occupying  from  four  to  ten  days, 
according  to  the  size  of  the  stack.  By  this  process  of  drying  the  stone, 
however,  a  considerable  amount  of  disintegration  takes  place,  or,  in  other 
words,  the  material  is  calcined,  which,  besides  reducing  a  considerable 
quantity  of  it  to  sand,  affects  the  ultimate  strength-  of  the  pavement.  It 
takes  a  long  time  to  accomplish,  while  ashes  and  other  foreign  matter  are 
incorporated  with  the  stone. 

526.  The  usual  method,  and  one  which  obviates  the  defects  mentioned, 
is  carried  out  by  means  of  a  drying  stove.  The  material  is  placed  on  a  hot 
hearth,  the  temperature  of  which  can  be  raised  to  a  sufficient  degree  in  order 
to  expel  all  moisture  from  the  stone,  and  at  the  same  time  the  heat  can  be 
so  regulated  that  the  aggregate  will  absorb  as  much  tar  as  possible.  The 
hot  tar  is  then  added  to  the  heated  stone  and  the  mixture  turned  over  with 
hot  shovels,  and  thoroughly  incorporated,  until  all  parts  of  the  stone  are  well 
coated.  The  material,  before  being  so  treated,  is  screened  so  as  to  graduate 
the  different  sizes  of  stone  to  form  the  paving.  This  is  done  by  storing  all 
the  stones  from  1  inch  to  2  inches  gauge  to  form  the  bottom  layer,  the 
^  inch  to  1  inch  sizes  for  the  intermediate  coat,  and  \  inch  to  |  inch  material 
for  the  top  dressing. 

The  tar,  previous  to  being  conveyed  to  the  heap  of  stones,  is  boiled  in 
suitable  cylinders  or  coppers  and  maintained  at  the  boiling  point  for  three  or 
four  hours,  according  to  the  quality  of  the  tar ;  a  small  percentage  of  pitch 
being  sometimes  added. 

527.  The  quantity  of  tar  cement  employed  varies  according  to  the 
quality  of  the  stone  used,  and  whether  the  mixture  is  to  be  laid  imme- 
diately after  being  prepared,  or  stored,  in  which  case  it  should  be  placed 
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under  cover  and  there  allowed  to  mature.  In  the  latter  case  less  tar  is  made 
use  of,  but  when  about  to  be  laid  it  is  again  heated  with  some  additional 
tar. 

During  the  summer  time,  and  whien  the  mixture  is  to  be  laid  as  soon  as 
convenient  after  mixing,  the  following  proportions  are  found  satisfactory: — 

Gallons  per 
^  cubic  yard. 
For  the  l-inch  to  2-iiich  material/ 8 

,,      intermediate  layer  i- to  1 -inch  gauge  material,       .        .        .10 
„      top  dreflsiDg  or  i-inch  to  i-inch, 12 

528.  The  method  of  laying  tar-macadam  depends  on  circumstances ;  the 
foundation  is  generally  carried  out  as  for  an  ordinary  macadamized  road,  the 
depth  being  about  4  inches  in  thickness.  The  material  may  consist  of  dry 
hard  stones,  furnace  clinker,  or  broken  bricks  regulated  so  as  to  give  the 
desired  contour  after  being  steam-rolled,  and  when  this  is  laid,  the  whole 
surface  is  then  floated  or  flushed  with  well-boiled  tar  or  Portland  cement 
grout.  This  method  of  carrying  out  the  work  gives  the  best  results,  and 
admits  of  the  tar-macadam  covering  being  reduced  in  thickness,  which  will, 
of  course,  promote  economy  in  construction.  In  many  cases,  however, 
where  the  existing  coat  of  metalling  is  sufficient  and  the  level  of  the  surface 
permits  of  the  tar-macadam  being  laid  directly  upon  it,  after  being  properly 
formed,  it  is  considered  to  be  a  satisfactory  foundation  by  many  surveyors. 

In  the  former  case  a  total  depth  of  4  inches  of  tarred  composition  will, 
after  compression,  be  sufficient ;  the  bottom  or  coarse  layer  being  spread  4 
inches  thick,  the  intermediate  layer  about  f  inch,  and  the  top  dressing  just 
sufficiently  thick  to  All  all  interstices.  In  the  latter  instance  5  inches  of 
compressed  total  thickness  is  generally  sufficient,  4  inches  being  laid  for  the 
lower  coat,  1^  inch  for  the  intermediate,  and  f  inch  for  the  top  dressing. 

In  either  case  each  layer  is  steam-rolled  separately,  the  surface  being 
finished  with  ^inch  granite  or  limestone  screenings  spread  over  the  surface. 
The  weight  of  the  roller  employed  may  vary  from  10  to  15  tons,  and  the 
rolling  process  is  continued  until  the  consolidation  of  the  composition  is  such 
that  no  movement  or  creeping  takes  place.  The  pavement  is  finally  finished 
by  sweeping  or  dusting  limestone  powder  over  the  surface. 

During  the  operations  of  forming  this  pavement  and  for  sometime  there- 
after, traffic  should  not  be  allowed  to  pass  over  the  thoroughfare  until  the 
pavement  is  properly  finished. 

Tar-macadam  for  carriageways  should  be  laid  in  a  fresh  condition  by 
experienced  men  under  careful  supervision,  and  then  only  in  dry  weather,  as 
upon  these  conditions  depend  the  success  and  ultimate  life  of  the  pavement. 

*  This  is  the  composition  which  was  used  inCanterbary  by  A.  H.  Campbell, 
\^A.M.I.C.E.,  late  City  Surveyor,  now .  city  Engineer  and  Surveyor,  East  Ham,  Proc. 
]A$$oc,  of  Municipal  and  County  Engineers,  vol.  zziv. 
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The  durability  of  tar-macadam  for  carriagevrays  depend^  of  coarse,  on 
the  amount  and  nature  of  the  tiafiSc,  but  is  estimated  at  periods  varying 
from  three  to  ten  years,  although  cases  are  recorded  where  it  has  been  in 
use  for  twenty  and  thirty  years ;  this  probably  refers  to  roadways  subject  to 
light  traffic  ouly. 

529.  The  cost  of  construction  likewise  varies  according  to  the  price  of 
the  materials  in  different  localities ;  this  may  be  stated  at  from  2s.  to  3s. 
per  square  yard,  and  when  foundations  are  included  at  from  is.  to  6s.  per 
square  yard.  The  annual  expenditure  for  repairs  cannot  be  given  with  any 
degree  of  certainty,  but  it  is  stated  to  average  from  4d.  to  9d.  per  square 
yard. 

The  following  particulars  in  regard  to  the  cost  of  preparing  a  tarred- 
macadam  road  paving  is  given  by  Mr.  A.  H.  Campbell,  late  City  Surveyor  of 
Canterbury. 

"  The  stack  of  stone  operated  on  for  test  contained  45  cubic  yards ;  and 
the  actual  cost  in  preparing  that  quantity  is : — 


Table  LVI. 

DebU. 

45  cubic  yards  pit  gravel,  at  88.  6d., 

79  gallons  tar,  and  cartage,  at  2id.  per  gallon, 
284  lbs.  of  pitch,  at  468.  8d.  per  ton,     . 

84  bushels  of  ooke,  at  98.  4d.  per  chaldron,    . 

80  „         breeze,       „  „ 

Wages  in  preparing  and  mixing  stone  and  tar. 


Credit. 


£7  17  6 

0  16  5i 

0  4  10| 

1  1  9i 
0    8  0 
7  18  7 

£18    7  2i 


Actaal  product  from  the  foregoing : — 

40  cabic  yards  of  mixtore  costing  £18,  7s.  2id.,  eqaal  to  98.  2d.  per  cubic  yard. 
This  composition,  as  above  described,  laid  4  to  4)  inches  thick,  finished  in  com- 
pressed condition,  will  work  out  at  fully  Is.  6d.  per  super,  yard  for  the  mixture 
alone. 

8.  d. 

1    6  per  super  yaid 


layers^. 


To  this, 

add  these  items  (estimated) : — 

1.  Stripping  road  8  inches  thick, 

2.  Broken  brick  ballasting, 
8.  Applying  the  tarred  material  in  three 

and  finishing  off,        .        .        . 

4.  Rolling  road, 

6.  Add  contingencies  10  per  cent., 

Total,  

S80.  In  England  this  class  of  road  paving  has  been  extensivtfj  ^^^  ui 
the  following  towns:  Derby,  Leicester,  Cheltenham,  Southport,  ifro**"ig- 
ham,  Canterbury,  Harrogate,  Norwich,  and  Croydon, 
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Tar-macadam  has  not  hitherto  been  used  to  any  great  extent  in  Scotland, 
although  a  few  sabeidiary  streets  in  Glasgow  have  been  recently  laid  with 
this  material,  also  in  the  towns  of  Paisley,  Kilmarnock,  Leith,  Perth,  and 
Ayr.  The  work  was  executed  by  Messrs.  W.  O.  Walker  &  Sons  of  the 
latter  towu,  where  this  class  of  pavement  was  first  laid,  and  is  so  far  giving 
satisfaction.  The  cost  of  Walker's  tar-macadam  paving  varies  from  4s.  9d. 
to  5s.  6d.  per  square  yard,  according  to  the  locality  and  area  to  be  laid. 
Tar-macadam  was  recently  tried  in  Aberdeen,  three  thoroughfares  being  laid 
with  this  paving.  .  The  aggregate  was  composed  of  granite,  but,  owing  to 
the  non-absorbent  character  of  this  description  of  stone,  which  is  quite 
unsuitable  for  this  class  of  work,  it  has  not  been  a  success.  Three  streets 
which  were  laid  about  eighteen  mouths  ago  showed  decided  signs  of  wear, 
after  being  in  use  for  little  over  a  year,  the  surface  becoming  uneven  and 
disintegrated. 

581.  Macadamized  Boadways — Macadamized  roads,  although  they 
have  no  place  in  thoroughfares  subject  to  heavy  traffic,  form  by  far  the 
greater  proportion  of  carriageways  in  residential  quarters  of  towns  and 
suburban  districts,  and  are  generally  highly  appreciated  by  the  inhabitants. 
When  constructed  and  maintained  in  the  manner  described  in  Chapter  YIIL, 
Part  I.,  they  form  a  very  pleasant  and  satisfactory  roadway,  affording  a  good 
foothold  for  horses,  and  are  moderately  clean  under  normal  conditions  of 
weather. 

Macadamized  roadways,  like  a  pitched  pavement,  possess  one  distinct 
advantage,  namely,  a  good  foothold,  so  that  this  description  of  material  can 
be  used  on  gradients  up  to  1  iu  15  with  safety.  Owing  to  the  great  number 
aud  varying  qualities  of  the  materials  used  in  making  and  repairing  this  class 
of  roads,  good  results  cannot  be  expected,  and  the  economical  considerations 
entailed  under  these  and  other  circumstances  place  them  at  a  disadvantage. 

By  using  a  superior  class  of  metalling,  properly  applied  and  spread  on  a 
solid  foundatioD,  and  efficiently  steam-rolled,  this  class  of  roads  in  regatd  to 
first  cost,  annual  maintenance,  and  general  suitability,  can  now  be  placed  in 
a  better  position,  relatively  with  other  pavements,  than  formerly. 

582.  The  life  of  macadamized  roads  depends  entirely  oa  the  amoimt  and 
character  of  the  traffic,  the  quality  of  the  metalling  employed,  and  the 
system  adopted  in  maintaining  them.  The  surface  of  a  road  may  have  to 
be  coated  once  in  every  three  or  four  years,  while,  in  many  instances,  it  will 
require  extensive  repairs  every  year  and  oftener  in  certain  circumstances. 

588.  This  cost  of  construction  will  vary,  according  to  the  locality  in 
relation  to  the  source  of  supply  of  the  materials,  class  of  traffic,  situation 
of  the  road,  and  method  adopted  in  making  it ;  the  price,  therefore,  may 
range  from  28.  to  6s.  per  square  yard.  Once  properly  constructed,  the 
subsequent  upkeep  consists  entirely  of  surface  repairs,  which  may  be  of  an 
extensive  nature,  or  simply  occasional  patches  spread  one  stone  thick  where 
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required,  the  surface  being  previously  scaiifiedi  and  the  metalling  con- 
solidated. Continuous  coatings  of  macadam,  steam-rolled,  at  more  or  less 
frequent  intervals,  is  the  only  satisfactory  and  economical  method  of  carrying 
on  these  operations. 

The  annual  cost  of  repairing  some  roads  in  London,  which  are  now 
paved,  may  be  here  given  as  being  cf  some  interest.  The  cost  of  granite 
macadam  was  on  an  average  18s.  per  ton. 

Table  LVII. 

Annual  cost  per 
square  yard. 
8.  d.   . 

Charing  Cross, 5    0 

Piccadilly, 4    0 

Regent  Street, 8    7 

Parliament  Street, 2    8 

Westminster  Bridge, 2    0 

In  Liverpool,  Sheffield,  Manchester,  Newcastle-upon-Tyne,  Glasgow,  and 
other  large  manufacturing  towns,  the  cost  of  the  annual  maintenance  varies 
from  4d.  to  2s.  6d.  per  square  yard,  the  price  of  the  metalling  being  from 
Gs.  to  14s.  per  cubic  yard. 

As  the  method  of  constructing  town  and  suburban  roads  generally  is 
detailed  very  fully  in  Chapter  VIII.,  Part  I,  while  the  cost  of  the  different 
operations  is  given  separately,  further  remarks  on  them  appear  unnecessary. 

584.  Conclusions. — It  will  be  apparent  from  the  description  of  the 
different  materials  which  are  at  present  employed  in  the  construction  of  a 
first-class  carriageway  pavement  that  it  is  not  an  easy  matter  to  decide  on 
the  particular  description  of  material  for  this  purpose,  suitable  for  the  varying 
circumstances  met  with. 

Many  considerations,  apart  from  the  durability  of  the  paving  material 
which  may  be  employed,  although  this  is  of  the  greatest  importance,  have 
to  be  examined  closely,  as  at  the  present  time  they  enter  largely  into  the 
selection  of  a  pavement  suitable  to  the  many  varying  conditions  and  circum- 
stances which  exist  in  most  towns.  The  more  important  points  to  be  con- 
sidered are,  the  nature  of  the  gradients  and  foothold,  description  of  traffic, 
width  of  the  thoroughfares,  the  class  of  property  facing  the  street,  facility 
for  cleansing,  noiselessness,  smoothness,  economy  of  construction  and  sub- 
sequent maintenance,  and  even  the  climate. 

In  cities  and  towns  where  the  residential  and  manufacturing  portions  are 
somewhat  removed  from  each  other,  and  where  the  nature  of  the  traffic  and 
gradients  vary  considerably,  an  opportunity  is  offered  for  using  all  recognized 
kinds  of  paving  material  suitable  to  the  particular  situation  or  circumstances. 

There  is  not  at  present,  it  may  be  readily  inferred,  any  one  class  of  pave- 
ment which  possesses  all  the  properties  requisite  to  fulfil  the  requirements 
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mentioned  above.  On  sanitary  grounds  alone  impervious  pavements  are  a 
necessity  which,  by  reason  of  the  methods  adopted  in  constructing  them, 
limits  the  use  of  certain  kinds  of  material  where  heavy  and  continuous 
vehicular  traffic  have  to  be  accommodated. 

585.  There  is  a  consensus  of  opinion  that  granite  setts  properly  laid  form 
the  cheapest  and  most  durable  pavement  of  any.  It  does  not,  however,  pre- 
sent a  smooth  and  regular  surface  after  a  few  years'  wear,  especially  when 
laid  with  a  wide  joint,  and  this  is  considerably  intensified  by  frequent 
disturbance  of  the  pavement  in  connection  with  repairs  to  gas,  water,  and 
other  mains.  The  principal  disadvantages  of  this  class  of  pavement,  how- 
ever, are  that  it  is  noisy,  and  also  that  it  is  liable  to  become  slippery  through 
wear,  on  which  account  it  is  decreasing  in  favour  as  a  paving  material 
in  the  fashionable  quarters  and  business  thoroughfares  of  cities  and  large 
towns.  No  doubt  the  wide  joint  has  something  to  do  with  the  great  noise 
inseparable  from  a  pitched  pavement,  as,  after  a  time,  considerable 
vibration  is  set  up,  the  wheels  of  vehicles  bumping  from  stone  to  stone, 
and  causing  wear  and  tear  in  an  excessive  degree  both  in  the  traffic  and 
in  the  pavement  itself;  this  vibration  may  also  cause  damage  to  the  sur- 
rounding buildings. 

It  is  possible  that,  if  granite  setts  could  be  economically  produced  by 
the  aid  of  machinery,  so  as  to  fit  close  together  like  a  wood  pavement,  having 
an  even  surface  and  the  joints  grouted  with  bitumen,  which  would  make  it 
less  noisy,  this  description  of  street  covering  would  compare  more  favourably  in 
this  respect  with  the  practically  "  noiseless  pavements  '* — wood  and  asphalte. 
In  manufacturing  towns  where  such  defects  are  not  of  so  much  consequence, 
and  on  steep  gradients  generally,  this  pavement  still  holds  its  own  against 
all  others  for  the  safe  foothold  which  it  affords. 

586.  In  large  cities  where  the  carriageways  are  comparatively  level, 
and  the  residential  quarters  and  manufacturing  parts  of  the  town  are 
separated  and  well  defined,  pavements  of  the  smooth  and  noiseless  descrip- 
tion, such  as  those  formed  of  wood  and  asphalte,  or  some  of  the  patent 
artificial  paving  blocks,  can  be  advantageously  laid  in  the  former  districts, 
while  a  granite  sett  pavement  would  be  more  suitable,  on  account  of  its 
superior  foothold  and  ultimate  economy,  in  the  latter  case  where  the  traffic 
is  heavy  and  continuous. 

As  a  matter  of  fact,  however,  few  towns  of  any  importance  possess  but 
one  class  of  pavement,  and,  in  many  instances,  two  or  more  kinds  are  in  use, 
depending  on  the  locality,  the  character  of  the  traffic,  and  the  gradients  of 
the  different  thoroughfares.  As  a  case  in  point,  the  streets  in  the  city  of 
Sheffield,  extending  to  314^  miles,  are  constructed  with  every  recognized 
form  of  paving,  with  the  single  exception  of  compressed  asphalte. 

587.  Soft  wood  pavements  or  yellow  deal  blocks,  although  much  used  in 
the  past  in  the  larger  cities,  and  at  the  present  time  in  many  of  the  provincial 


374  ^OAD  MAKING  AND  MAINTENANCE. 

towns  of  mediam  traffic,  are  gradaally  giving  way  in  favour  of  the  Anstralian 
hard  woods.  The  first  cost  of  hard  wood  pavements  is  undoubtedly  greater 
than  that  of  soft  woods,  but  the  durability  and  hygienic  qualities  of  this 
class  of  paving  material  are  such  that  it  is  replacing  granite  setts  and  the 
soft  woods. 

Hard  wood  paving  laid  with  a  close  joint,  and  the  blocks  of  which  have 
been  previously  dipped  in  a  bituminous  composition,  wears  very  regularly  and 
is  practically  noiseless ;  the  relative  rates  of  wear  for  hard  and  soft  woods 
are  stated  to  be  as  1  to  6  in  thoroughfares  subject  to  heavy  traffic. 

S88.  Asphalte  forms  an  ideal  pavement.  It  is  absolutely  impervious ;  it 
afifords  no  lodgment  for  filth,  and,  as  it  retains  its  camber,  the  surface  drain- 
age is  rapid  and  effective.  It  is  more  easily  cleansed  than  any  other  pave- 
ment, so  that,  from  a  hygienic  point  of  view,  it  stands  far  in  front  of  all  other 
pavements.  It  retains  a  smooth  surface,  and  is  preferred  by  residents  in 
streets  where  it  is  laid,  because  the  wheels  of  vehicles  passing  over  it  make 
but  little  noise. 

Unfortunately  for  this  otherwise  excellent  pavement,  at  all  events,  that 
formed  with  rock  asphalte,  on  account  of  its  extreme  slipperiness  during 
certain  climatic  conditions,  is  disliked  by  horse  owners,  who,  of  course,  use 
the  streets  most.  For  this  reason  rock  asphalte  cannot  be  laid  on  steeper 
gradients  than  1  in  60.  On  comparatively  level  thoroughfares  this  defect 
is  greatly  diminished  by  thoroughly  washing  the  surface,  as  it  is  admitted 
that  clean  asphalte  is  not  slippery  in  either  a  wet  or  a  dry  condition. 

Sanding  the  surface  has  to  be  resorted  to  at  times  to  increase  the  foot- 
hold ;  but  has  a  tendency  to  wear  the  pavement,  and  ultimately  results  in 
mud  being  formed.  This  is  only  a  temporary  measure,  however,  and  re- 
peated applications  of  sand  are  necessary  at  times  to  render  the  pavement 
safe  for  travel. 

The  difficulties  which  beset  the  earlier  attempts  to  form  a  satisfactoiy 
carriageway  pavement  of  Trinidad  asphalte  in  this  country  now  appear  to 
have  been  overcome.  The  undoubtedly  better  foothold  for  horses  afforded 
by  this  description  of  paving  material  over  that  of  rock  asphalte  is  very 
striking,  and,  should  it  prove  durable  under  heavy  vehicular  traffic,  the 
problem  of  providing  a  safe,  efficient,  sanitary,  and  noiseless  carriageway 
pavement  may  be  looked  upon  as  solved. 

889.  The  pavements  which  give  the  longest  service  should  invariably  be 
chosen,  as,  when  other  things  are  equal,  it  is  to  be  preferred,  because  the 
renewal  of  the  pavement  in  any  of  the  principal  thoroughfares  of  a  town 
necessitates  the  closing  of  the  street,  which  causes  great  inoeQvenience  and 
seriously  interferes  with  business.  Although  the  first  cost  may^Uft^  greater, 
that  which  is  most  suitable  for  the  traffic  is  the  cheapest  in  the 
has  the  additional  advantage  that  the  streets  are  less  frequently 
renewals. 
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The  ooncentration  of  traffic  upon  subsidiary  streets,  on  account  of  the 
renewals  to  the  main  thoroughfares,  occasions  a  state  of  disrepair  on  those 
roadways  beyond  that  which  would  result  from  the  ordinary  or  legitimate 
traffic. 

540.  On  the  question  of  safety  or  comparative  slipperiness  on  granite, 
wood,  and  asphalte  pavements,  the  following  table,  prepared  by  Mr.  Haywood, 
from  exhaustive  observations  made  in  1873,  on  the  accidents  to  horses  on 
carriageways  in  the  City  of  London,  is  given :  * — 


Tablb  LVIII. 
City  of  London :  Comparative  Slipperiness  of  Carriageway  Pavements, 


PftTement. 

Distance  travelled  before  a  horse  fell — in  miles. 

Dry. 

Damp. 

Wet. 

Average  of 
50  days. 

Granite,      .... 
Asphalte   (Val  de  Travers) 

oompresMd, 
"Wood     (Improved      Wood 

and  Ligno  Mineral), 

78 
223 
646 

168 
126 
198 

637 
192 
482 

182 
191 
830 

His  remarks  in  connection  with  these  observations  give  interesting 
details,  and  are  as  follows: — 

"  Slight  rain  makes  both  asphalte  (rock)  and  wood  more  slippery  than 
they  are  at  other  times.  On  asphalte  the  slipperiness  begins  almost  imme- 
diately the  rain  commences ;  wood  requires  more  rain  before  its  worst  condi- 
tion ensues.  The  slipperiness  lasts  longer  upon  wood,  on  account  of  its 
absorbent  nature,  than  it  does  upon  asphalte ;  when  dry  weather  comes  after 
the  rain,  then  asphalte  is  in  its  most  slippery  state,  and  the  horses  fall  on  it 
very  suddenly ;  on  wood  their  efforts  to  save  themselves  are  more  effectual ; 
wood  also  is  frequently  in  that  peculiar  condition  of  surface  in  which  horses 
slip  or  glide  along  it  without  falling.  A  small  quantity  of  dirt  upon  asphalte 
makes  it  very  slippery ;  wood  requires  a  large  quantity.  Slipperiness  can 
be  temporarily  cured  on  both  pavements— on  the  asphalte  by  sprinkling  it 
with  sand,  on  the  wood  by  sprinkling  it  with  gravel.  The  result  in  both 
cases  is  dirt.  The  sand  thrown  on  asphalte  helps  to  wear  it  out,  the  gravel 
thrown  on  wood  tends  to  preserve  it.  When  a  horse  falls  ou  asphalte  it  has 
great  difficulty  in  getting  up ;  on  wood  it  rises  more  readily." 

♦  Seport  on  Accidents  to  Horses  on  Cktrriagstoay  Pavements,  by  G.  William  Hay- 
wood (1874). 
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Ml.  The  only  other  observations  of  a  simUar  nature  carried  ont^  so  far 
as  the  author  is  aware,  are  those  made  by  Captain  F.  Y.  Greene  in  the 
United  States,  the  results  being  as  follows:  * — 

Asphalte  (Trinidad), 588  miles 

Granite, 418     „ 

Wood, 272    „ 

These  figures  differ  from  those  given  by  Colonel  Haywood,  both  in  their 
order  and  relative  values,  but  probably  the  climate  has  something  to  do  with 
this. 

542.  In  thoroughfares  crowded  with  traffic,  the  continual  stopping  and 
restarting  of  heavily  laden  vehicles  is  very  trying  to  horses,  especially  when 
the  pavements  are  in  a  greasy  condition,  after  a  slight  shower  of  rain  or 
during  the  prevalence  of  fog.  Washing  the  sui&ce  and  applying  fine  gravel 
to  a  pitched  pavement  increases  the  foothold  considerably,  while  the  same 
treatment  of  soft  wood  pavements  has  the  additional  advantage  of  assisting 
in  preserving  the  timber  by  reason  of  the  small  stones  being  crushed 
into  the  surface  and  so  indurating  it.  Sprinkling  sand  on  an  asphalte 
pavement  greatly  increases  the  foothold,  but  it  is  detrimental  to  the  sur- 
face, as  it  helps  to  wear  it  out. 

M8.  Table  LIX.  has  been  prepared  by  Mr.  Boulnoia,  and  shows  the 
essentials  of  a  good  paving  material  for  first-class  pavements,  based  on  a 
theoretical  and  practical  study  of  the  subject. 

If  a  numerical  value  be  given  for  these  properties  to  the  several  descrip- 
tions of  pavement,  it  will  be  found  that  they  appear  in  the  following  order : — 
asphalte,  granite,  bricks,  and  wood. 

544.  There  is  a  marked  difference  between  the  description  of  pavements 
employed  in  large  towns  where  the  financial  position  ensures  that  the  best 
form  suitable  to  the  locality  and  interests  of  the  inhabitants  can  be  provided, 
compared  with  those  in  provincial  towns  and  urban  districts  where,  as  a  rule, 
the  financial  resources  are  limited.  In  the  latter,  this,  to  a  great  extent, 
restricts  the  use  of  first-class  pavements,  although  in  many  cases  a  less  expensive 
class  of  road  covering  is  sufficient  for  the  purpose.  Pitched  pavements,  with 
or  without  a  rigid  foundation  of  concrete,  are  generally  adopted,  especially 
in  manufacturing  towns,  where  a  smooth  and  noiseless  paving  is  not  of 
much  consequence ;  and  when  the  material  is  of  a  durable  nature  this  descrip- 
tion of  roadway  is  ultimately  the  most  economical,  although  the  first  cost  may 
be  considerable.  It  should,  however,  be  understood  that  the  cheapest  pave- 
ment in  first  cost  is  not  always  the  most  economical,  because  it  has  been 
proved  that  the  most  suitable  for  the  traffic  is  the  most  satisfactory  and 
economical   in  the  end.      A  heavy  annual   expenditure  for  maintenance 

•  Bryne  on  Eightoay  Construction, 
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geneially  shows  that  restriction  of  the  initial  expenditure  in  constnicting 
a  carriageway  pavement  has  heen  the  main  object  rather  than  suitability 
and  efficiency  during  its  lifetime. 

545.  In  districts  where  the  traffic  is  medium  to  lights  and  the  thorough- 
fares comparatively  level,  tar-macadam  may  be  advantageously  adopted. 
It  forms  a  smooth,  impervious  pavement  when  properly  executed,  and  has 
the  additional  advantage  that  when  suitable  material  can  be  conveniently 
obtained  it  can  be  constructed  cheaply. 

Ordinary  or  dry  macadam,  although  the  most  expensive  roadway  to 
maintain  where  there  is  a  heavy  wheel  traffic,  has  the  advantage  of  possess- 
ing the  best  foothold  for  horses.  On  light  trafficked  town  thoroughfares  a 
steam-rolled  macadam  road  is  the  cheapest  form  of  construction,  and  when 
properly  made  with  approved  materials  little  mud  or  dust  results  compared 
with  traffic  consolidated  roads,  and  is  the  class  of  roadway  generally  preferred 
by  residents  in  suburban  districts. 

M6.  The  great  difficulty  in  comparing  one  class  of  pavement  with 
another  in  regard  to  the  durability  of  the  material,  precludes  any  definite 
comparison  being  made  as  to  their  respective  lives  under  varying  conditions 
or  of  their  comparative  economical  advantages.  As  this  can  only  be  attained 
by  direct  observation,  it  is  desirable  that  such  records  should  be  made  period- 
ically under  proper  regulations  and  in  a  uniform  manner.  It  is  essential  that 
a  carefal  census  of  the  hoof  traffic  and  the  wheel  traffic  be  made,  so  that  the 
actual  amount  of  traffic  tonnage,  both  fast  and  slow,  reduced  to  a  standard, 
passing  over  any  street,  can  be  accurately  ascertained  for  a  given  period ;  this 
is  generally  stated  in  tons  weight  of  traffic  per  yard  of  width  of  roadway 
per  annum.  From  these  data  the  actual  cost  of  construction  and  the 
amount  expended  for  annual  maintenance,  reliable  figures  for  comparison 
would  be  obtained.  This  census,  while  applicable  more  particularly  to 
large  cities  and  towns,  would  likewise  be  of  great  advantage  if  applied  to 
provincial  towns  and  country  districts  where  there  is  a  considerable  amount 
of  traffic  passing  over  the  roads.  No  doubt  the  amount  of  tonnage  would 
fluctuate  considerably  at  different  seasons  of  the  year,  especially  in  country 
districts,  but  a  fairly  accurate  record  of  the  traffic  could  ultimately  be 
arrived  at. 

Many  records  have  been  kept  in  the  principal  cities  of  the  number  of 
vehicles  passing  along  a  particular  thoroughfare,  but  the  approximate  weight 
of  each  individual  vehicle  and  its  load,  and  the  width  of  the  roadway  not 
being  given,  the  information  is  obscure  and  void  of  any  real  value,  except 
perhaps  as  a  general  statement  of  facts. 

No  doubt  some  difficulty  would  arise  in  regard  to  hoof  traffic  which,  in 
many  instances,  causes  more  wear  to  the  pavement  than  the  wheels  of 
vehicles ;  still  more  definite  data  might  be  collated,  and  a  standard  adopted 
by  which  the  traffic  passing  over  a  road  could  be  calculated. 
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547.  Isolated  instances  of  the  amomit  of  traffic  and  the  number  of 
Tehides  passing  over  some  thoroughfares  in  London  are  recordedi  which  are 
here  given : — 

Tablk  LX. 


Locality. 


Westminster  Bridge 
Road,  1899. 


Strand,  1890. 


EoBton  Road,  Western 
end,  1895. 

Boston  Road,  Eastern 
end,  1894. 


Piccadilly,  1899. 


Gheapside,  1899. 


Tottenham  Court  Road. 


Vehicles. 


8754  (west  side)  in  12  hours. 

8014  (east  side)  „ 

1228  per  honr  and  15,000  from  8 
a.m.  to  12  midnight  Omni- 
buses are  included  in  this  num- 
ber, and  vary  from  860  to  444 
per  bour  or  abont  87  per  cent 
of  the  total  number  of  yehicles. 

Omnibus  traffic  equals  7*72  per 
cent  of  the  total  weight  of  traffic 

Omnibus  traffic  equals  81*8  per. 
cent  do.,  and  19  per  cent  of  the 
total  number  of  vehicles.  The' 
average  number  of  omnibuses! 
traversing  Euston  Road  is  250 ' 
per  hour. 

1497  -pm  hour,  of  which  423  are 
omnibuses,  beinff  equal  to  about 
28  per  cent  of  the  total  number 
of  vehicles. 

061  per  hour,  of  which  884  are 
omnibuses,  being  equal  to  about 
58  per  cent  of  the  total  num- 
ber of  vehicles. 

661  per  hour,  of  which  487  are 
omnibuses,  being  equal  to  about 
74  per  cent  of  the  total  number 
of  vehicles. 


Tonnage. 


884  toDs  per  ft  in  width 
of  road  in  12  hours 
(0  a.m.  to  0  p.m.). 

238  tons     do.     do. 


575,544  tons  per  yard 
in  width  per  annum. 


411,818  tons  per  yard 
in  width  per  annum. 


In  Liverpool  the  traffic  tonnage  and  annual  cost  for  maintenance  per 
square  yard  of  the  different  descriptions  of  pavement,  and  of  the  pitched 
pavements  in  particular,  have  been  recorded  since  1872,  the  material  being 
from  different  sources. 

618.  The  following  record  Table  (LXL)  of  street  traffic  is  the  form 
adopted  in  London. 

049.  Besides  the  amount  of  traffic  which  a  carriageway  pavement  has 
to  sustain,  the  relative  safety  of  the  different  descriptions  of  pavements 
should  be  recorded,  while  the  damage  done  to  horses,  vehicles,  and  harness, 
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by  reason  of  an  irregular  surface  or  a  state  of  disrepair,  must  not  be  lost 
sight  of.  It  is  generally  admitted  that  a  pavement  with  a  smooth,  regular 
surface  means  longer  life  to  horses  and  vehicles,  the  road  surface  does 
not  wear  out  so  quickly,  and  the  cost  of  transit  is  considerably  reduced, 
but  singularly  enough  the  better  the  class  and  condition  of  the  pavements 
the  greater  is  the  amount  of  heavy  individual  loads  hauled  over  them. 


CHAPTEE    XIII. 

FOOTWAYS — KERBS,  CHANNELS,  QULLIES,  PAYING  MATERIAL  FOB 

FOOTPATHS. 

050.  All  footways  in  towns  require  a  kerb  at  their  outer  edge,  so  as  to 
define  them  and  to  form  a  sill  for  the  raised  path  against  which  the  material 
that  it  is  paved  with  may  butt 

A  kerb  is  also  particularly  required  to  keep  off  vehicular  traffic,  and 
should  be  of  a  sufficient  height,  varjring  from  3  inches  to  8  inches,  except  at 
crossings,  to  prevent  surface  water  in  the  channels  flowing  over  the  foot- 
walk  ;  it  also  retains  the  foundation  and  surface  of  the  pavement  Kerb- 
stones of  less  height,  apart  from  allowing  water  to  flow  over  the  footway, 
would  render  it  possible  for  vehicles  to  drive  on  to  them,  while  a  greater 
height  than  7  inches  or  8  inches  is  inconvenient  for  foot  passengers.  A 
kerb  likewise  forms  the  side  of  the  channel  or  gutter,  and  retains  the 
haunches  of  the  carriageway. 

951.  The  materials  used  for  forming  kerbs  are  of  various  descriptions, 
but^  for  first-class  thoroughfares  having  much  traffic,  granite,  syenite,  and 
whinstone  are  by  far  the  most  satisfactory  for  this  purpose,  and  although 
expensive  in  first  cost  are  much  more  economical  in  the  long  run.  The 
other  materials  used  are  sandstone,  cement  concrete,  vitrified  fireclay  blocks, 
cast  and  wrought  iron. 

Granite,  syenite,  or  whinstone  kerbs  are  made  in  various  sizes ;  where 
concrete  is  used  for  the  foundation  they  are  generally  laid  on  their  flat,  as 
shown  in  figs.  124  and  126,  the  usual  size  being  12  inches  by  8  inches. 
For  the  most  part  kerbs  are  made  6  inches  to  8  inches  by  12  inches;  they 
'are  never  made  less  than  4  inches  wide  and  9  inches  deep,  laid  on  edge, 
which  gives  a  sufficient  hold  in  the  ground  for  all  practical  purposes.  For 
comparatively  level  thoroughfares  the  blocks  are  dressed  rectangular,  but  on 
gradients,  or  where  they  are  likely  to  be  used  as  a  drag  for  heavy  vehicles, 
the  kerbs  are  generally  splayed  off  on  the  front  face,  as  shown  at  figs.  124 
and  126,  in  order  to  minimize  the  grinding  action  and  rough  usage  likely  to 
arise  from  the  wheels  of  heavily  laden  carts  and  wagons. 
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d52.  Stone  kerbs  should  be  dressed  with  a  margin  draft  along  both  top 
edges,  and  hammer-dressed  about  6  inches  on  the  face  and  3  inches  on  the 
back,  and  to  the  full  depth  on  the  ends  or  jointing  surfaces,  while  the  top 
surface  should  be  similarly  treated,  or  the  blocks  may  be  '  nidged '  on  the 
top  and  sides  to  the  depths  mentioned.  This  ensures  a  dean,  decided 
junction  for  the  paving  material  of  the  footway,  and  presents  a  smooth  and 
well-defined  sarfaoe  alongside  the  channel.  The  kerb-stones  should  not  be 
lees  than  3  feet  in  length,  and  when  7  inches  or  more  in  width  the  upper 
surface  ought  to  be  beyelled  of^  so  as  to  conform  with  the  slope  of  the  foot- 
way, and  thereby  enable  rainwater  falling  on  the  surface  to  readily  reach  the 
gutters.  When  deep  kerb-stones  are  employed,  as  shown  at  figs.  124^  125, 
and  126,  they  are  generally  bedded  on  gravel  and  a  layer  of  sharp,  clean  sand, 
and  beaten  into  position  by  means  of  a  heavy  maul  or  beetle ;  the  gutter 
side  should  be  further  consolidated  by  using  a  cramping-iron  or  iron  bar. 
By  such  means  open  spaces  are  avoided,  which,  if  they  existed,  would  in 
time  tend  to  overturn  the  kerb  towards  the  carriageway,  and  shift  it  from 
its  upright  position.  Besides  being  unsightly,  this  might  necessitate  its 
having  to  be  relaid,  entailing  additional  expenditure.  Great  care  should 
be  exercised  in  setting  out  and  laying  kerbing,  both  in  regard  to  line  and 
level,  as  there  is  nothing  more  unsightly  than  badly  laid  kerb-stones. 

5S8.  Cement  Goncrete  Kerb. — ^These  can  be  made  in  blocks,  the  con- 
crete being  placed  in  moalds  and  manipulated  by  hand  or  subjected  to 
hydraulic  pressure,  and  laid  in  position  in  the  same  way  as  stone  kerbs, 
which  is  preferable,  or  it  may  be  formed  in  situ.  In  either  case  the 
durability  of  this  class  of  kerb  depends  on  the  quality  of  the  gravel  or 
other  material  used,  and  the  cement.  This  description  of  kerb  is  generally 
used  when  the  footway  is  made  of  concrete,  and  is  only  suitable  for  streets 
of  light  or  medium  traffic,  where  it  is  not  likely  to  receive  heavy  blows  or 
be  subject  to  the  grinding  action  of  the  wheels  of  passing  traffic. 

554.  Fireclay  Brick  Kerb& — Kerbs  of  this  class,  principally  of  the  blue 
Staffordshire  description,  are  used  in  many  subsidiary  streets  in  provincial 
towns.  The  chief  point  is  economy,  but,  like  kerbs  made  of  concrete,  they 
can  only  be  successfully  employed  in  streets  of  light  traffic.  Brick  kerbs 
are  greatly  used  in  the  United  States  and  Holland. 

555.  Gast-  and  Wrought-Iron  Kerbs. — This  description  of  kerb,  although 
of  late  their  use  has  been  more  extended,  has  not  been  much  used  in  this 
country.  They  have,  however,  been  frequently  used  on  the  Continent.  So 
far  as  the  wearing  point  or  edge  is  concerned,  they  protect  the  roadway  well, 
but  their  shape  makes  them  dangerous  for  pedestrians,  owing  to  their  be- 
coming slippery.  The  cost  of  these  kerbs,  their  shape,  and  the  difficulties 
in  laying  them  in  a  uniform  manner  appear  to  have  prohibited  tlieir  use  on 
an  extensive  scale.    Fig.  127  shows  a  cross  section  of  a  cast-iron  kerb. 

556.  The  wrought-iron  kerb,  or  edging,  is  now  extensively  used  in  con- 
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nection  with  *  concrete  in  titu  *  pavements.  It  serves  the  purpose  very  well, 
and  has  a  smart,  well-defined  appearance.  It  is  economical,  especially  where 
there  exist  old  irregular  kerbs  which  require  to  be  renewed.  The  edging  con* 
sists  of  an  iron  plate  9  inches  to  12  inches  deep  and  ^  inch  thick,  jointed 
longitudinally  where  necessary  by  a  cover-plate  fixed  on  the  footpath  side  of 
the  kerb.  This  kerb  plate  is  fixed  in  position,  as  regards  line  and  level,  by 
means  of  thin  rods  of  iron  18  inches  long,  which  are  inserted  in  the  edging- 
plate  every  5  feet,  and,  projecting  into  the  footway,  are  kept  rigidly  in 
position  by  being  attached  or  anchored  to  a  batch  of  concrete  on  the  top  of 
the  foundation  which  ultimately  forms  part  of  the  under  layer  of  the  pave- 
ment. The  top  of  the  iron  plate  is  fixed  so  that  the  finished  level  of  the 
paving  material  will  correspond  with  it.  Fig.  128  shows  a  cross  section  of 
a  wrought-iron  kerb  or  edging. 

557.  ChanneLs. — Channels  or  gutters  are  necessary  in  connection  with 
footways  and  carriageways  to  receive  the  surface  water  from  the  roadway 
and  convey  it  towards  the  gullies ;  they  also  protect  the  kerbs  from  being 
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Fio.  127.— Cast-iron  kerb. 


Fig.  128. — Wrought-iron  kerb  or  edging. 


undermined,  and  enhance  the  appearance  of  the  street.  The  channels  are 
sometimes  formed  to  the  same  contour  as  the  roadway,  as  shown  in  figs.  125 
and  126.  The  general  practice,  however,  when  they  are  constructed  with 
slabs  or  setts  is  to  lay  them  level  transversely,  as  shown  in  fig.  124,  or  to 
slightly  dish  the  upper  surface,  or  to  use  *  hollow  channel,'  as  shown  in 
fig.  124.  When  streets  are  paved  with  setts,  asphalte,  or  wood  blocks,  the 
same  class  of  material  is  generally  employed  to  form  the  channels.  Setts 
and  wood  blocks  of  the  same  size  as  the  ordinary  paving  material,  and  in 
some  instances  of  less  size,  are  laid  horizontally,  instead  of  transversely, 
so  as  to  aid  the  flow  of  water  alongside  the  kerb.  The  gutters  are  made 
from  12  inches  to  18  inches  wide,  with  from  4  to  6  courses  of  blocks;  at 
times  granite  slabs  are  made  use  of  from  12  inches  to  15  inches  wide  and 
6  inches  thick,  square  dressed  on  their  abutting  faces,  so  as  to  fit  closely 
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together,  the  upper  surface  being  nidged  or  tooled.     This  description  of 
material  makes  an  excellent  gutter,  but  it  is  somewhat  expensive. 

558.  Channels  should  not  be  laid  with  a  flatter  gradient  than  1  in  300, 
and  when  practicable  they  ought  to  be  set  so  as  to  show  5  inches  of  the 
kerb  above  it,  but  of  course  this  will  depend  entirely  on  the  gradient  On 
practically  level  carriageways  the  channel  will  vary  from  3  inches  to  7 
inches  below  the  upper  surface  of  the  kerb  in  order  to  give  sufficient  fall 
for  the  surface  water  to  drain  rapidly  towards  the  gullies.  Figs.  125,  126, 
and  127  show  the  arrangement  of  channels  for  different  descriptions  of 
carriageway  pavements. 

559.  At  crossings  or  intersections  of  streets  the  channels  are  raised  so  as 
to  be  nearly  on  a  level  with  the  kerb,  which  is  a  great  convenience  to  pedes- 
trians. This  arrangement,  under  certain  circumstances,  necessitates  extra 
gullies,  but  it  is  a  much  more  satisfactory  method  of  overcoming  the  diffi- 
culty, compared  with  that  of  employing  rectangular  iron  conduits  (which 
have  been  much  used  in  the  past),  besides  being  less  objectionable  as  regards 
interference  with  vehicular  traffic. 

560.  Gullies. — ^These  are  placed  at  certain  intervals  along  the  gutters, 
and  are  connected  with  the  sewers.  The  distance  apart  will  vary  consider- 
ably, according  to  the  gradient  of  the  carriageway,  the  nature  of  the  traffic, 
and  the  capacity  of  the  gully  itself.  They  may  be  made  of  brick,  stoneware, 
or  iron,  and  covered  with  gratings  of  cast  or  wrought  iron.  The  essential 
points  which  a  street  gully  should  possess  are: — 

1.  The  area  of  open  grating  must  be  sufficient  to  cope  with  heavy  and 
sudden  rainfalls. 

2.  The  grating  must  be  so  constructed  as  to  permit  of  the  least  possible 
obstruction  or  choking  on  its  snrface  by  road  detritus,  paper,  straw,  or 
leaves. 

3.  The  gully  must  be  of  adequate  capacity  to  retain  the  road  detritus 
below  the  outlet  pipe  and  so  prevent  its  entrance  into  the  sewer. 

4.  It  should  have  a  deep-water  seal  or  trap  to  prevent  the  escape  of 
sewer  gas,  be  easily  cleaned  out,  and  so  constracted  that  it  can  be  readily 
cleared  by  suitable  means  should  a  stoppage  occur. 

5.  The  grating  should  be  such  that  it  will  form  the  least  possible  obstruc* 
lion  to  the  traffic,  and  on  macadamized  roads  the  outlet  pipe  of  the  gully 
ought  to  be  placed  at  such  a  depth  below  the  surface  of  the  roadway  that 
it  will  be  free  from  danger  or  injury  by  heavily  laden  vehicles  and  steam 
rollers. 

6.  It  should  be  constructed  of  materials  not  likely  to  be  damaged  by  the 
tools  employed  for  removing  the  detritus,  and  it  should  be  made  strong  and 
thoroughly  water-tight. 

561.  Sykes'  Stoneware  and  Iron  GuUy.— These  gullies  are  made  of 
granite  stoneware  or  cast-iron,  and  are  circular  or  rectangular  in  form. 
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The  outlet  connection  to  the  sewer  is  kept  low  with  a  view  to  avoid  any 
danger  of  fracture ;  it  has  a  deep-water  seal  which  prevents  untrapping  in 
hot  weather,  and  is  so  arranged,  by  means  of  a  tongue  or  diaphragm,  that  the 
water  after  falling  into  the  gully  has  to  rise  over  this  diaphragm  before  it  can 
escape,  which  arrangement  arrests  all  road  detritus.  Figs.  130  and  131 
show  this  gully,  the  diagrams  being  self-explanatory.  The  cost  of  these, 
complete,  varies  from  20s.  to  60s.  for  circular  gullies,  and  GOs.  to  75s.  for 
those  of  an  oblong  shape. 

562.  Crofita's  Surface  Water  OuUy.— This  gully,  shown  at  figs.  132 
and  133,  is  well  designed,  and  is  in  every  particular  a  first-class  article,  and 
has  been  largely  adopted  in  all  the  principal  cities  and  towns.  It  is  made  of 
cast-irou  in  various  sizes,  from  7^  up  to  25  gallons  capacity,  is  strong  enough 
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Figs.  130, 131.— Sykes'  gully  traps. 


to  withstand  the  heaviest  traffic,  and  is  self-contained  and  thoroughly  water- 
tight. It  is  provided  with  a  double  trap,  and  the  small  area  of  the  water 
exposed  to  the  atmosphere  perfectly  seals  noxious  gases  at  all  times  and 
under  all  conditions,  while  it  thoroughly  intercepts  all  road  detritus. 

The  smallest  size  made  measures  21}  inches  x  18  inches  by  26  inches  deep, 
the  top  measurement  being  17}  inches  x  14}  inches.  The  largest  size,  the 
cap  icity  of  which  is  25  gallons,  measures  25  inches  x  22  inches,  and  3  feet 
5  inches  deep,  the  dimensions  at  the  top  being  21  inches  x  17  inches;  the 
outlet  pipe  for  all  the  different  sizes  of  gullies  is  6  inches  in  diameter. 

The  cost  of  these  gullies  varies  from  38s.  6d.  to  63s.  6d. 

568.  There  are  many  other  descriptions  of  gullies  made,  too  numerous  to 
mention,  but  the  following  possess  considerable  merit,  and  are  for  the  most 
part  manufactured  in  stoneware,  namely  :—Doulton's,  WiUoughby,  Wakefield, 
Priests,  and  the  Gloucester  gully ;  the  latter  is  made  with  a  mud  box  which 
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cau  be  easily  lifted  out  and  emptied  by  means  of  a  hook,  and  is  manufactured 
in  cast-iron,  the  size  being  18  inches  x  15  inches  x  17  inches. 

564.  Under  certain  conditions,  in  many  localities  large  gully  pits  are 
constructed  so  as  to  retain  a  considerable  quantity  of  road  detritus. 
These,  for  the  most  part,  are  placed  in  streets  situated  on  a  gradient,  and 
are  generally  built  of  brick  and  lined  with  cement  or  asphalte,  while  at 
times  they  are  provided  with  double  gratings ;  the  size  of  the  pit  may  be 
3  feetxl^  feet,  and  from  3  feet  to  4  feet  deep^  Fig.  134  shows  one 
of  these  gully  pits  as  used  in  the  city  of  LiverpooL*    It  is  constructed  of 


FiQS.  132  and  133.— Ames's  Crosta's  gully  trap. 

brickwork  lined  with  cement,  the  bottom  being  of  York  or  other  suitable 
flag,  while  the  tongue  is  made  of  similar  stone. 

665.  Footways. — The  width  of  footways  is  generally  regulated  by  the 
width  of  the  carriageway  and  the  amount  of  pedestrian  traffic  passing  along 
the  street.  This  is  a  matter  which  should  receive  considerable  attention,  so 
as  to  avoid,  in  exceptional  cases,  excessive  proportions  for  either  the  footpath 
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Fio,  134. — Section  of  gully  pit  used  in  Liverpool. 

or  the  carriageway.     In  ordinary  circumstances  the  footway  on  each  side  of 

a  carriageway  may  be  advantageously  made  J  to  ^  of  the  total  width  of  the 

•  Carriageways  and  Footways,     By  H.  Pdrcy  Bouluois,  C.E. 
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roadway ;  the  fall  from  the  heel  of  the  path  to  the  kerb  may  vary  from  ^ 
inch  to  ^  inch  per  foot^  according  to  the  description  of  the  material  used  for 
paving  the  footpath.     For  concrete  and  asphalte  the  former  fall  is  sufficient, 
while  the  natural  stones,  bricks,  and  such-like  materials  are  laid  with  the 
latter  fall  or  a  gradient  of  1  in  48. 

The  materials  of  which  the  wearing  surface  of  footways  aro  made  yary^ 
considerably,  and  these  afford  an  opportunity  for  selecting  a  suitable  paving 
under  different  conditions  of  traffic  and  situation. 

566.  Qualities  which  Paving  Materials  should  possess. — The  qualities 
which  should  characterize  a  good  paving  material  may  be  enumerated  a» 
follows : — It  should  be  durable  and  smooth  without  being  slippery ;  it  should 
absorb  the  minimum  quantity  of  water  and  dry  quickly  after  rain ;  it  should 
also  be  non-abrasive,  uniform  in  texture  so  as  to  wear  evenly,  easily  cleansed,, 
have  a  good  appearance,  and  be  economical  in  first  cost. 

The  different  kinds  of  material  used  which  are  suitable  for  this  purpose 
aro  divided  into  natural  stones  and  artificial  stones,  or  compositions,  the  fol- 
lowing  being  the  principal  descriptions  employed  : 

1.  Natural  stones,  such  as  Caithness,  Yorkshire  flagging,  and  Arbroatb 
pavement. 

2.  Asphalte,  rock  and  Trinidad,  tar-paving. 

3.  Ck)ncrete,  in  monolith  and  slabs. 

4.  Bricks  and  tiles. 

5.  Cork  paving,  sanitary  blocks,  and  various  other  compositions. 
The  selection  of  the  best  material  which  will  answer  the  requirements  in 

regard  to  situation  and  heavy  pedestrian  traffic  should  be  made  only  after 
actual  trial,  although  many  of  the  properties  necessary  may  be  previously 
ascertained,  such  as  the  absorbent  powers,  the  specific  gravity,  and  rubbing 
to  ascertain  the  effects  of  abrasion  of  the  material  proposed  to  be  employed. 

567.  A  good  foundation  is  indispensable  for  footways^  and  when  a 
natural  one  does  not  exist,  an  artificial  foundation  must  be  provided.  This 
may  be  accomplished  by  the  use  of  furnace  clinkers  or  cinders,  broken 
bricks,  tiles,  and  freestone  shivers,  with  the  addition  of  proper  drainage  to- 
dispose  of  any  water  penetrating  to  the  underbed  of  the  footway.  By  usiug 
a  suitable  material  for  the  foundations  (which  should  be  well  rolled),  the 
cracking  or  damage  resulting  to  the  wearing  surface,  and  which  is  often  attri* 
buted  to  bad  workmanship  in  laying  it,  will  be  obviated  or  at  least  redaced 
to  a  minimum. 

568.  Of  the  natural  stones  used  for  paving  a  footway,  Caithness^lRl§^ 

are  considered  the  best.     This  description  of  pavement  is  very  durable,  wears-     '     J 
evenly  over  the  whole  surface,  and  does  not  become  slippery ;  it  is  imper* 
vious  to  wet,  and  dries  quickly  after  rain;  it  is  not  affected  by  frost,  and 
dust  and  dirt  do  not  adhere  to  it  readily.     It  is  a  very  dense  material,  does^ 
not  laminate,  and  can  be  easily  taken  up,  turned,  and  re-used  when  worn.. 
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This  description  of  paying  varies  from  1|  inch  to  2  inches  in  thickness,  as 
sliown  in  fig.  125 ;  the  joints  are  generally  sawn,  which  facilitates  the  ex- 
peditious laying  of  the  pavement.  The  first  cost  is  against  its  general 
adoption  in  many  of  the  large  towns,  although  it  is  extensively  used  in  busy 
manufacturing  centres  as  Liverpool,  Birmingham,  South  Shields,  and  Sun- 
derland ;  it  is  also  much  used  in  Scotland,  especially  in  Edinburgh,  Glas- 
gow, and  Aberdeen. 

569.  Yorkshire  Flags. — These  possess  many  of  the  essentials  of  a  good 
paving  material  for  footways,  and  are  generally  made  from  2^  inches  to  3 
Inches  in  thickness.  This  description  of  paving  does  not  wear  smoothly ; 
consequently  it  affords  a  good  foothold.  It  is  easily  worked  to  curves  or 
irregular  lines,  and  has  an  agreeable  appearance.  Like  Caithness  flags,  they 
•can  be  lifted,  redressed,  and  used  again ;  but  the  great  drawback  to  Yorkshire 
flags  is  that  they  wear  unequally,  and  are  liable  to  laminate  under  atmos- 
pheric influences,  especially  in  frosty  weather. 

570.  Arbroath  Pavement. — This  description  of  paving  material  is  much 
need  in  Scotland,  especially  in  the  larger  cities  and  towns.  It  varies  from 
2^  inches  to  3  inches  in  thickness,  is  of  an  agreeable  appearance,  wears 

-evenly,  and  can  be  used  again  by  being  redressed.  The  joints  are  sawn 
square  to  the  full  thickness,  which  ensures  quick  and  accurate  laying. 

571.  Laying  Katural  Stone. — The  different  kinds  of  paving  material  for 
footways  mentioned  should  be  bedded  on  the  foundation  already  mentioned, 
with  a  layer  of  lime  mortar  evenly  and  truly  laid  with  square  joints,  which 
fihould  be  flushed  up  with  good  mortar. 

572.  The  life  of  these  footway  paving  materials  will  of  course  vary 
According  to  the  amount  of  pedestrian  traffic.  Caithness  flags  in  many 
instances  have  been  down  for  fifty  years,  but  twenty-five  to  thirty  years 
may  be  considered  about  the  maximum  duration  for  them.  It  has  been 
stated  that  in  some  instances  Yorkshire  flagging  had  only  a  life  of  from  six 
to  seven  years,  but  this  probably  was  owing  to  a  soft  description  of  this  class 

^'  .  of  stone  being  used. 

^  573.  Other  natural  stones  of  the  sandstone  and  limestone  order  are  em- 

ployed locally,  such  as  Pennant,  Purbeck,  Blue  lias,  Devonian  limestone  and 
-•  Lazonby ;  the  latter  sandstone,  from  the  Penrith  district,  is  very  durable, 

>  and  affords  a  good  foothold,  and  the  selected  sorts  wear  very  evenly.    Granite 

slabs,  which  were  extensively  used  years  ago,  are  now  seldom  laid.     They 
are  very  durable,  but  the  multiplicity  of  joints  is  a  serious  defect,  and  they 
:al80  become  extremely  slippery.     The  slabs  are  difficult  to  dress  and  are 
i  i^'^i^fc-  very  expensive. 

vre&r^  574,  Asphaltic  Footway  Pavements. — Foundations  for  this  description 

imp^^'  of  footway  paving  should  be  of  Portland  cement  concrete,  six  to  one,  and 

t,  aD<^  laid  from  3  inches  to  4  inches  in  thickness.    The  surface  of  the  concrete  is 

]^  do^  smoothed  over,  and  three  to  four  days  must  be  allowed  for  it  to  set  before 
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commeneing  the  spreadiDg  of  the  asphalte.  The  method  of  laying  rock  and 
Trinidad  asphalte  is  very  similar  to  that  for  carriageways,  which  has  been 
already  described,  the  only  difference  being,  that  the  thickness  is  reduced  to 
f  inch  and  1  inch  respectively.  Owing  to  the  creeping  tendency  on  footwaja 
situated  on  an  incline,  the  former  description  of  asphaltes,  principally 
Limmer,  Val  de  Travers,  and  Seyssel,  the  first  possibly  being  the  best 
knowij,  cannot  be  laid  with  advantage  owing  to  the  tendency  to  crack 
through  this  cause. 

575.  Trinidad  asphalte,  however,  when  the  binder  course  is  introduced^ 
can  be  laid  on  footways  situated  on  steep  gradients.  This  material  forms 
a  thoroughly  smooth,  impervious,  and  durable  pavement ;  it  affords  a  good 
foothold,  is  pleasant  to  walk  upon,  easily  repaired,  and  can  be  advantageously 
used  on  footways  having  much  pedestrian  traffic.  This  description  of  pav* 
ing  is  shown  in  fig.  127. 

576.  Rock  asphalte  mixed  with  bitumen  and  grit,  and  known  as  "  mastic 
asphalte,''  is  much  used,  and  is  generally  laid  about  1  inch  in  thickness. 
The  mixture  is  prepared  in  the  following  manner :  From  75  to  63  per  cent 
of  powdered  rock  asphalte  is  mixed  with  5  to  7  per  cent,  of  Trinidad 
bitumen,  and  20  to  30  per  cent,  of  grit  are  placed  in  a  large  covered  caul- 
dron and  heated  for  about  five  hours.  The  mixture,  which  liquefies  at  a 
temperature  of  from  280''  to  300"  Fahr.,  is  conveyed  to  the  site  where  it  is 
to  be  used  in  '  locomobiles '  provided  with  a  fire  and  agitators,  and  deposited 
on  the  foundation  by  means  of  pails,  previously  heated,  and  spread  with  a 
float.  The  pavement  is  finished  by  being  strewn  with  silver  sand  well 
rubbed  into  the  surface.  Fig.  127  shows  this  description  of  footway  pave- 
ment. 

When  the  work  has  to  be  carried  out  at  a  distance  from  the  manufacturing 
depot,  the  asphalte  is  made  into  flat  cylindrical  cakes  of  about  50  lbs.  each. 
These  are  taken  to  the  site  of  the  work  and  remelted  in  small  street  caul- 
drons, an  allowance  of  from  3  to  4  per  cent,  of  bitumen  being  added  to  the 
melted  mixture  to  make  up  for  the  loss  by  evaporation.  One  ton  of  asphalte 
will  cover  an  area  of  20  square  yards,  laid  to  a  depth  of  1  inch. 

577.  Tar  Concrete  Pavement. — This  description  of  paving  material 
is  much  used  in  suburban  districts  where  the  pedestrian  traffic  is  light  The 
methods  of  manufacturing  and  laying  vary  considerably  in  the  different 
districts  where  it  is  employed. 

The  process  is  somewhat  similar  to  that  of  making  and  laying  tar 
macadam,  only  the  aggregate  used  is  much  smaller,  generally  consisting  of 
fine  gravel  or  stone  chippings.  The  stones  vary  in  size  from  1^  inch  to 
^  inch  gauge,  and  these  are  dried  by  being  heated,  and  a  boiling  composi- 
tion is  added  in  the  following  proportions : — 
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12  gallons  of  tar. 

1  cwt.  of  pitch. 

2  gallons  creosote  oil. 

1  ton  of  screened  material. 

This  mixture  is  spread  in  layers,  the  largest  sized  stones  being  laid  on  the 
prepared  foundation  and  finished -with  the  smallest  class  of  material,  each  layer 
being  compressed  by  means  of  a  hand-roller,  weighing  about  half  a  ton,  until 
a  uniform  surface  is  obtained. 

For  really  good  work,  the  material  forming  the  aggregate  should  be 
capable  of  absorbing  a  certain  amount  of  the  tar  composition,  for  which 
purpose  mountain  limestone  or  Kentish  rag  is  the  best.  If  hard  material, 
such  as  granite  or  whinstone  be  used,  a  bumpy  surface  is  the  result^  which, 
besides  impeding  the  drainage,  makes  a  very  unpleasant  path  to  walk  on. 
As  in  the  case  of  tar  macadam  aud  asphalte  pavements  generally,  tar  concrete 
paving  must  be  carried  out  in  dry  weather,  preferably  in  the  spring  or 
autumn,  while  the  success  of  the  pavement  will  depend  to  a  great  extent 
on  the  efficient  drainage  of  the  underbed. 

To  add  to  the  appearance  of  a  tar  concrete  paving,  white  spar  or  stone 
dust  is  thrown  over  the  surface,  rolled  in  and  finished  with  sand.  Like  tar 
macadam  for  roadways,  tar  concrete  improves  by  being  stored  for  a  few 
months  previous  to  using  it.  When  applied  under  these  circumstances,  the 
mixture  is  '  freshened '  by  the  addition  of  a  small  quantity  of  refined  tar. 

578.  Apart  from  ordinary  repairs  the  surface  of  a  tar  concrete  footway 
requires  dressing  occasionally.  This  is  performed  in  dry  weather  by  apply- 
ing hot  tar  to  the  surface  (previously  swept  clean),  and  spreading  a  layer  of 
sharp  sand  over  it.  This  will  prevent  the  dressing  adhering  to  the  feet  of 
pedestrians,  and  at  the  same  time  form  a  skin  and  add  materially  to  the  life 
of  the  paving.  The  tar  for  this  purpose,  as  well  as  for  the  concrete  mixture, 
should  be  well  seasoned  or  refined  to  ensure  good  results. 

Tar  concrete  paving  is  not  suited  for  main  thoroughfares  in  populous 
centres,  its  proper  place  being  suburban  districts  and  footways  in  small  towns, 

579.  Goncrete  Paving. — This  class  of  footway  paving  may  be  carried  out 
in  monolith,  and  also  by  laying  prepared  slabs ;  they  are  for  the  most  part 
practically  the  same,  being  formed  of  gravel,  broken  stone,  or  granite 
reduced  to  the  size  of  pea  gravel,  or  ^  inch  in  diameter,  mixed  with  Fort- 
land  cement  in  the  proportion  of  3  of  granite  to  1  of  cement. 

There  is  an  endless  variety  of  this  description  of  paving  material  made 
by  different  firms,  a  few  of  the  principal  kinds  being  as  follows  : — 

Stuart's  Qranolithic,  laid  in  situ  or   as  Jones'  Annealed  Stona.  « 

flags.  Ransome's  Stona. 

Imperial  Stone  ((Company's),  laid  in  situ  or  Femimite  Stone. 

as  flags.  BacknelPs  Granite  Breccia. 

Yietoria  Stone.  Guernsey  Granite  Ck>ncrete. 
Adamant  Stone. 
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This  description  of  paving  material  for  footways  has  made  great  pro- 
gress daring  the  last  few  years,  and  as  most  of  these  are  manofactured  and 
laid  in  a  similar  manner,  with  but  minor  variations,  only  the  principal 
features  of  a  few  will  be  described  in  detail. 

580.  Stuart's  Granolithic  in  situ  Pavement. — ^This  description  of 
paving,  which  has  been  laid  in  almost  every  town  of  importance  in  this 
country  and  abroad,  like  all  others  of  a  similar  nature,  requires  a  good  firm 
foundation,  as  on  this  depends,  to  a  great  extent^  the  future  of  the  wearing 
surface  or  its  being  able  to  withstand  the  pressure  of  the  pedestrian  traffic 

The  ground  is  excavated  to  a  depth  of  5  inches  below  the  finished  level, 
and  upon  this  is  spread  a  layer  about  4  inches  in  thickness  of  duders, 
gravel,  furnace  clinkers,  broken  tiles  and  bricks,  freestone  shivers,  or  other 
suitable  material.  This  layer  must  be  properly  punned  or  rolled  and  the 
interstices  filled  up,  and  the  upper  surface  should  be  2  inches  below  the 
finished  surface  of  the  footway. 

The  pavement  is  divided  into  panels  or  bays  varying  in  width  from  4  to 
6  feet,  separated  by  strips  of  wood.  Narrow  panels  are  necessary  to  prevent 
the  concrete  forming  cracks  transversely  when  a  sudden  change  of  tempeia- 
ture  takes  place,  which  has  been  the  cause  of  this  description  of  paving  being 
thrown  out  of  position  when  laid  in  situ  with  panels  of  greater  widtL 

The  strip  of  wood  is  at  times  retained,  but  in  most  instances  it  is 
removed,  the  alternate  bays  or  panels  being  constructed  after  those  first 
laid  are  set  and  have  become  thoroughly  hard.  A  strip  of  roofing  felt  is  at 
times  introduced  between  the  joints  to  provide  for  expansion,  and  serves 
the  purpose  admirably,  provided  the  panels  are  not  laid  of  a  greater  width 
than  3  to  3j^  feet. 

After  the  area  is  divided  into  bays,  a  layer  of  concrete  (4  to  1),  1}  inch 
to  2  inches  thick,  is  spread  and  well  punned  with  flat-headed  beaters,  and 
before  this  first  layer  is  set  a  finishing  coat  of  fine  concrete,  consisting  of  ten 
parts  of  granite  chippings,  thoroughly  washed,  to  one  part  of  Portland 
cement,  is  spread.  The  concrete  should  be  carefully  mixed,  water  being 
added  only  in  small  quantities.  The  finishing  coat  is  spread  to  about  a 
thickness  of  1  inch,  and  well  worked  to  remove  all  cavities,  the  surface 
being  then  trowelled  off  smooth.  Every  alternate  bay  is  finished  and 
allowed  to  set  properly  before  the  intermediate  panels  are  commenced.  The 
wearing  surface,  when  partially  set,  is  finished  with  an  imprint  hand-roller, 
either  making  indents  or  forming  a  grooved  or  corduroy  surface,  for  the 
purpose  of  giving  a  better  foothold.  With  some  descriptions  of  concrete 
paving  such  means  of  preventing  slipperiuess  is  not  considered  necessary, 
except  on  inclines,  while  at  the  same  time  some  authorities  state  that  it 
interferes  with  the  wearing  surface  of  the  paving.  Fig.  129  shows  a  cross 
section  of  Stuart's  granolithic  pavement. 

Traffic  should  not  be  permitted  on  the  pavement  till  the  concrete  has 
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iliorougbly  set  and  become  hard,  and  till  then  the  pedestrian  traffic  should  be 
diverted  or  accommodated  by  placing  a  temporary  platform  of  wood  over  the 
surface.  In  hot,  dry  weather  the  concrete,  after  being  laid,  should  be 
protected  by  spreading  sand  oyer  the  surface,  or  by  placing  old  cement  bags, 
kept  thoroughly  wet,  on  the  pavement 

581.  One  objection  to  this  description  of  pavement  for  footways  is 
tliat  repairs  are  difficult  to  make  should  the  covering  be  lifted  for  the 
purpose  of  laying  or  renewing  pipes.  The  greatest  objection  is  the  prolonged 
disturbance  of  the  pedestrian  traffic  during  the  time  it  is  being  laid 
and  setting,  a  serious  matter  in  a  busy  thoroughfare,  where  shops  abut 
ou  the  footway.  This  class  of  pavement  should  only  be  laid  in  good 
weather,  heavy  rain  or  the  prevalence  of  frost  being  detrimental  to  its 
durability. 

582.  Concrete  Blabs. — ^In  consequence  of  these  objections  in  connection 
with  monolith  pavements,  concrete  slabs,  which  are  free  from  the  defects 
tnentioned,  are  now  frequently  used.  Victoria  stone  and  many  other  de- 
scriptions of  concrete  slabs  are  made  in  a  similar  manner ;  they  are  formed  in 
wooden  moulds  lined  with  metal,  to  facilitate  their  being  removed  when  set. 

They  are  composed  of  broken  stone,  gravel,  and  sand  mixed  with 
Portland  cement  and  water ;  in  many  cases  a  solution  of  silicate  of  soda  is 
^dded.  They  are  made  in  various  sizes,  the  most  useful  dimensions  for 
paving  work  being  30  inches  in  length  and  24  inches  in  width,  and  24 
inches  square  by  2  inches  thick.  The  process  of  making  the  slabs  hard  and 
•dense  is  carried  out  by  some  firms  by  subjecting  the  concrete  to  great 
pressure  in  the  moulds. 

The  aggregate,  consisting  preferably  of  f  inch  granite  chippings,  washed 
to  remove  the  associated  dust,  is  thoroughly  mixed  in  a  dry  state  with 
Portland  cement,  the  proportion  adopted  being  three  of  the  former  to  1  of 
the  latter.  After  this  has  been  accomplished,  water  is  added  in  a  careful 
manner,  and  the  whole  is  mixed  until  thoroughly  incorporated.  The 
''compo'  is  then  placed  in  moulds  and  worked  at  the  corners  and  sides 
with  a  trowel  to  ensure  clean,  accurate  arrisses  all  round  the  slab,  and 
finished  to  a  smooth  surface.  The  moulds  containing  the  concrete  are  by 
some  processes  subjected  to  a  mechanical  movement  of  a  jolting  nature, 
^hich  motion  gets  rid  of  many  of  the  air  cavities. 

The  slabs  are  removed  from  the  moulds  at  the  expiration  of  two  days, 
and  stored  so  as  to  become  air-dried  for  seven  to  nine  days,  and  then, 
should  the  process  be  adopted,  immersed  in  a  bath  containing  a  solution  of 
silicate  of  soda.  After  being  so  treated  for  a  week  or  fourteen  days 
4U3cording  to  the  capacity  of  absorption,  the  slabs  are  stacked  in  the  open 
for  some  months  to  season,  previous  to  being  used.  Fig.  126  shows  a  foot- 
5vay  paved  with  slabs. 

Many  manufacturers  of  these  concrete  slabs  use  only  one  class  of 
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granite  ehippings,  which  is  produced  principally  at  the  quarries  in  Aber* 
deenshire,  Bonawe,  Fumess,  Leicester,  Guernsey,  and  Quenast  (Belgiam). 

588.  Adamant  Paving  Slabe. — This  paving  material  is  made  of  finely 
crushed  Aberdeen  granite  and  the  finest  Portland  cement.  The  concrete, 
when  properly  mixed,  is  placed  in  moulds  and  then  subjected  to  hydraulic 
pressure.  This  effectually  disposes  of  both  air  cavities  and  moisture,  the 
result  being  a  dense,  non-porous,  and  homogeneous  stone  or  slab,  which  can 
be  immediately  handled.  By  this  process  the  slabs  can  be  manufactured 
and  laid  in  the  course  of  a  few  days ;  the  ordinary  sizes  made  are  3  feet  x 
2  feet,  2^  feet  x  2  feet,  and  2  feet  square  by  2  inches  in  thickness. 

These  slabs  for  paving  footways  are  largely  used  in  Aberdeen,  Ediu- 
burgh,  and  many  English  cities  and  towns.  Paving  slabs  ,are  extensively 
made  in  certain  towns  from  the  clinker  produced  by  refuse  destructors, 
mixed  with  Portland  cement.  These  are  not,  however,  so  durable  as 
concrete  paving  made  with  granite  chipping,  but  they  form  a  cheap  material 
which  is  quite  suitable  for  footways  in  subsidiary  streets.  Pavements 
formed  with  concrete  slabs  are  easily  cleansed,  and  being  non-absorbeut^ 
dry  quickly  after  rain ;  they  can  be  expeditiously  laid  and  wear  evenly. 

58i.  Bricks  or  Tile  Paving. — Bricks  or  tiles  to  be  of  any  value  as  a 
footway  paving  require  to  be  of  hard  vitrified  stoneware ;  they  do  not  form 
an  ideal  paviug  material,  but  are  greatly  used  in  many  towns  in  the  Midland 
counties  of  England. 

Blue  Staffordshire,  and  Buckley  bricks  measuring  about  10  inches  x 
6  inches  x  2  inches  deep,  with  a  chequered  or  diamond  pattern  surface,  are 
those  most  largely  used;  they  make  a  ducable  pavement  when  laid  on  a 
foundation  of  concrete. 

Owing  to  the  numerous  joints,  this  paving  is  difficult  to  cleanse ;  and 
when  worn  becomes  slippery  and  uneven.  The  appearance  of  brick  paving 
is  not  in  its  favour ;  it  docs  not  make  a  pleasant  surface  to  walk  upon,  but 
it  is  well  suited  for  many  footways  in  the  streets  of  manufacturing  towns. 
The  bricks  can  be  lifted  aud  relaid  at  small  cost,  which  is  a  point  in  its 
favour,  especially  where  the  footways  are  often  disturbed  in  introducing  or 
repairing  service  pipes  and  house  connections.  The  life  of  this  paving  is 
estimated  at  various  periods  up  to  thirty  years. 

585.  Brick  paving  is  much  used  in  the  United  States  as  a  material  for 
covering  footways  in  the  towns  where  it  is  extensively  employed  for  carriage- 
way pavements. 

586.  Cork  Paving  and  Sanitary  Tiles. — Compressed  cork  paving  for 
footways  are  practically  noiseless,  are  not  slippery,  and  are  non-absorbent ; 
the  blocks  measure  9  inches  x  4^  inches  x  1  inch  ;  they  are  jointed  with  a 
bituminous  grout  laid  on  a  concrete  foundation  3  inches  in  thickness. 

587.  The  sanitary  tiles  for  footways  are  made  in  8-inch  squares  or  6-inoh 
hexagons,  and  2^  inches  thick;  they  may  be  laid  on  a  3-inch  concrete 
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foundation,  or  on  a  bed  of  gravel  well  panned  and  a  layer  of  sand.  The 
blocks  are  laid  closely  together,  the  joints  being  closed  by  compression  under 
traffic.  It  affords  a  safe  foothold  for  pedestrians,  is  smooth  and  even,  and 
does  not  become  slippery  through  wear.  It  is  practically  waterproof,  dries 
quickly  after  rain,  and  can  be  quickly  and  easily  repaired  in  all  conditions 
of  weather.     It  is  stated  to  be  durable  and  economical. 

588.  Footways  situated  in  country  districts  are  generally  formed  with 
from  4  inches  to  6  inches  of  coarse  gravel  or  freestone  chips,  and  finished 
with  fine  gravel  or  the  screenings  from  a  stone-breaking  machine.  Furnace 
cinders  are  also  used  in  districts  where  they  can  be  easily  obtained.  This 
description  of  footways  has  been  treated  in  Chapter  YIIL,  and  serve  the 
purpose  very  well  when  properly  kept  in  repair.  For  suburban  districts,  and 
in  small  provincial  towns,  tar  paving  may  be  advantageously  employed 
where  suitable  materials  can  be  obtained. 


CHAPTER  XIV. 

Subways. 

1M9.  The  construction  of  subways  or  conduits  under  the  street  leeel  for 
the  reception  of  gas  and  water  mains,  electric  wires  and  other  conductors,  so 
as  to  obviate  the  perpetual  breaking  up  of  the  street  pavements  in  order  to 
lay  new  pipes,  discover  and  repair  leakages,  or  for  other  purposes,  is  a 
subject  of  considerable  public  interest  and  an  important  element  in  the 
obstruction  of  vehicular  traffic.  It  has  received  a  laige  amount  of  atten- 
tion from  time  to  time,  but  little  has  been  accomplished  up  to  the 
present.  Recently  it  has  been  proposed  to  construct  high-level  viaducts  and 
tunnels  or  subways  in  addition  to  forming  new  and  widening  existing 
thoroughfares  at  important  points,  as  a  solution  of  the  congestion  of  street 
traffic  in  London. 

590.  The  ever  increasing  pedestrian  traffic  has  likewise  received  atten* 
tion ;  foot  bridges  over  the  carriageways,  and  subways  with  a  flight  of  steps 
leading  to  the  pavements  at  important  street  crossings  have  been  proposed, 
the  latter  being  the  method  adopted  in  connection  with  the  Central  London 
Railway  scheme  at  its  terminus  in  the  open  space  in  front  of  the  Mansion 
House,  which  point  has  been  aptly  described  as  the  "  heart  of  the  city." 

591.  The  necessity  for  subways  is  evident  when  it  is  considered  that  any 
•examination  of  the  existing  mains  to  ascertain  their  condition  is  impossible, 
especially  where  many  are  placed  under  the  roadways,  and  it  is  only  when 
undetected  leakages,  which  may  have  existed  for  a  long  period,  become 
apparent,  that  measures  are  taken  to  discover  and  remedy  the  evil.  The 
only  recourse  under  the  circumstances  is  to  break  up  the  street  pavement, 
an  operation  which  may,  in  many  instances,  extend  over  a  considerable  area 
of  the  thoroughfare,  and  involve  considerable  expenditure  and  inconvenience. 

In  large  cities  and  towns  the  annual  cost  incurred  in  tracing  and  making 
^ood  the  leakage  of  water  and  gas  mains  and  connections  of  different  public 
companies  must  be  considerable,  while  the  deterioration  of  the  pipes  which 
must  necessarily  take  place  when  situated  in  a  subsoil  of  a  variable  nature 
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18  also  a  serious  matter.  The  expenditure  thus  incurred  must  be  enormous 
when  taken  collectively,  and  must  not  be  overlooked ;  although  when  divided 
amongst  many  companies  it  may  not  appear  such  a  formidable  figure. 

592.  It  is  stated  that  in  the  City  of  London  many  of  these  leakages 
cost  about  £20  to  discover,  exclusive  of  the  actual  repairs  to  the  water  or 
gas  mains,  or  the  other  connections  placed  under  the  ground.  In  most 
instances  the  carriageway  pavement  is  irretrievably  damaged  when  disturbed 
for  this  purpose,  its  life  being  materially  shortened,  besides  leading  to 
possible  accidents  and  causing  the  greatest  inconvenience  to  the  traffic  and 
loss  of  trade  to  business  people. 

In  addition  to  the  large  annual  expenditure  connected  with  the  examina- 
tion  for  leakages  and  the  subsequent  reinstatement  of  the  pavement^  the- 
effect  of  the  percolation  of  water  and  the  escape  of  gas  permeating  the  sub- 
soil must  necessarily  create  a  very  unsanitary  condition  of  matters  in  th& 
surroundings. 

593.  Early  Subways. — One  of  the  earliest  attempts  to  avoid  the  distur- 
bance of  street  pavements  in  connection  with  laying  or  repairing  pipes  under 
ground,  so  far  as  the  author  is  aware,  was  carried  out  in  Liverpool ;  it  is- 
described  by  Prof.  Eankine.''^  "  One  method  of  obviating  this  is  to  provide 
*  side-trenches,'  to  contain  those  underground  works,  being  narrow  excava- 
tions lined  at  the  sides  with  brick  walls,  and  situated  under  the  outer  edge 
of  the  foot  pavement,  by  the  flags  of  which  they  are  covered.  The  wall  of 
the  side  trench  next  the  roadway  is  strengthened  against  the  pressure  of  the 
earth  by  means  of  transverse  walls,  with  openings  in  them  for  the  passage  of 
sewers  and  pipes  ;  and  between  these  transverse  walls  the  longitudinal  wall 
is  slightly  arched  horizontally.  The  other  longitudinal  wall  of  the  side 
trench  forms  the  back  of  a  row  of  cellars  under  the  fqot  pavement  •  The 
side  walls  of  the  cellars  are  in  a  line  with  the  transverse  walls  of  the  side 
trench,  and  act  as  buttresses  to  give  it  stability.  In  the  example  given  in 
Mr  Kewland's  report  for  1848  the  side  trench  is  13  feet  deep  from  surface 
of  footway  to  foundation,  2^  feet  wide  inside,  and  has  cross  walls  at  every 
7  feet;  the  brickwork  is  one  brick,  or  9  inches  thick.  It  contains  an  oval 
sewer-pipe  27  inches  x  18  inches,  a  10-inch  water-pipe  and  a  10-inch  gas- 
pipe.  Sewers  which  are  large  enough  to  be  traversed  by  men  may  be 
repaired  by  getting  access  to  them  through  subterranean  passages  leading 
into  them  from  trap-doors  in  the  foot  pavement." 

The  earliest  subways  of  any  consequence  constructed  in  this  country 
were  carried  out  in  1862  in  South wark  Boad  and  Garrick  Street,  London, 
and  in  Victoria  Street,  Nottingham,  in  the  year  1863.  For  many  years  past- 
subways  have  been  constructed  in  connection  with  most  of  the  Metropolitan 
improvements,  such  as  the  Holbom  Viaduct,  Thames  Embankment,  Charing 

*  OivU  Engineering,  by  Prof.  Bankine,  pp.  629  and  680,  taken  from  Reports  by  the> 
Borough  Engineer  of  Liverpool  (Mr  James  Kewlands). 
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Cross  Road,  Qaeen  Victoria  Street^  while  many  have  been  constmcted  in 
existing  thoroughfares. 

The  "  side  trenches  "  constructed  in  Liverpool  to  accommodate  a  sewer 
and  water  and  gas  mains  appear  to  have  been  made  for  the  sole  purpose  of 
placing  the  pipes  into  them,  without  any  consideration  as  to  the  future  re- 
qaireraents  of  renewal  or  repair. 

594.  A  subway  of  novel  construction  has  beeu  recently  completed  at  St 
Helens.*  The  opportunity  of  advocating  and  carrying  it  out  was  afforded 
in  connection  with  the  purchase  of  the  tramway  system,  which  it  was  decided 
to  convert  and  equip  for  electrical  traction.  This  decision  was  further 
strengthened  by  the  necessity  of  disturbing  the  surface  of  the  streets  in  con- 
nection with  carrying  out  these  works  and  for  the  purpose  of  renewing  the 
gas  and  water  maius  and  services,  and  also  the  laying  of  electrical  cables. 
All  these  circumstances,  combined  with  the  narrowness  of  the  streets,  made 
the  proposal  to  form  a  subway  a  decided  improvement,  whereby  the  whole 
of  the  mains  and  works  beneath  the  thoroughfares  could  be  properly  in- 
spected, while  the  interference  of  the  paved  surface  and  foundations  of  the 
streets  would  be  practically  eliminated.  The  latter  circumstance  alone» 
brought  about  by  the  almost  incessant  renewing  of  gas,  water,  and  other 
mains,  would  have  been  in  itself  an  incentive  to  construct  a  subway. 

This  subway,  which  measures  6  feet  6  inches  by  6  feet  6  inches,  is, 
with  the  exception  of  a  4|-inch  ring  of  blue  brick  to  form  the  arch,  entirely 
built  of  concrete.  The  side  walls  and  haunches  are  extended  upwards  so  as 
to  form  the  foundation  of  the  paving  material  forming  the  street,  and  is 
about  12  inches  above  the  brick  arch ;  the  inclination  of  the  subway  follows 
the  gradient  of  the  streets. 

No  doubt  the  size  of  this  subway  has  been  determined  in  view  of  pro- 
spective requirements;  at  present  it  accommodates  one  gas  main  18  inches 
in  diameter,  two  water  mains,  10  inches  and  6  inches  in  diameter  respec- 
tively. Lateral  ways  are  also  provided,  opening  on  the  footway,  through 
which  gas  and  water  pipes  can  be  conveyed  where  required. 

The  services  leading  from  the  subway  are  enclosed  in  6-inch  earthenware 
pipes  on  either  side  of  the  roadway.  The  subway  proper  is  constructed  close 
to  the  kerb  on  one  side  of  the  street ;  it  is  provided  with  gullies  at  iuteryals 
to  drain  surface  water  to  the  sewer.  Special  provision  is  made,  in  case  of  a 
burst  in  the  water  mains,  by  placing  a  valve  at  the  lowest  point  of  the  sub- 
way and  there  connected  direct  with  the  sewer. 

The  subway  is  lighted  throughout  by  electricity,  and  arranged  so  as  to 
be  used  without  fear  of  explosion  should  a  leakage  of  gas  take  place ;  it  Ls 
ventilated  at  intervals  of  100  feet. 

The  cost  of  constructing  this  subway,  although  of  ordinary  dimensions, 

*  The  details  in  coDnection  with  this  subway  have  .been  abstracted  from  an  article 
which  appeared  in  the  Surveyor  and  Municipal  and  Courdy  Engineer^  January  26, 1900. 
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is  stated  to  have  been  J&7,  2s.  4d.  per  liaeal  yard,  which  expenditure  includes 
the  lateral  ways  and  the  electric  lighting ;  this  is  certainly  a  comparatively 
«mall  cost  for  such  au  outstanding  benefit 

595.  The  subways  hitherto  constructed  in  London  are  deficient  in  many 
respects,  especially  in  being  too  small  in  most  cases  for  the  growing  require- 
ments of  the  city,  although  in  one  or  two  instances  a  very  few  mains  have 
been  laid  in  some  of  them.  The  most  serious  objection,  however,  is  that^  in 
the  majority  of  cases,  they  have  been  constructed  in  short  unconnected 
4Bections  of  varying  size,  without  any  general  scheme  for  carrying  out 
•extensions  embracing  a  complete  system  in  any  particular  district  or 
•centre. 

596.  The  introduction  of  subways  of  an  adequate  size  for  prospective 
requirements  in  the  principal  streets  of  large  cities  is  necessary  for  many 
reasons,  but  it  appears  that  they  are  only  constructed  at  present  when  new 
streets  or  improvements  on  existing  roadways  are  carried  out.  This,  no 
-doubt,  is  a  step  iu  the  right  direction;  but  as  those  thoroughfares  are 
generally  considerably  wider  than  the  existing  streets,  the  necessity  for 
subways  in  them  does  not  appear  to  be  so  great  as  at  points  where  there  is 
a  congestion  of  street  traffic. 

597.  Many  instances  exist  where  the  gas,  water,  and  other  mains  are 
•crowded  into  very  narrow  streets,  and  sometimes  laid  immediately  below  the 
surface  of  the  roadway.  As  an  instance  of  this  the  following  may  be 
given :  * — In  a  road  at  Eichmond,  which  measures  15  feet  in  width,  eight 
pipes  of  varying  diameter  are  laid.  These  consist  of  two  30-inch  and  two 
21-inch  water  mains,  one  14-inch  water  main  and  one  river  main  6  inches 
in  diameter,  besides  pipes  for  gas  and  telephone  wires.  It  can  be  well 
imagined  that  it  is  almost  impossible  to  examine,  repair,  or  renew  any  of 
those  pipes,  and  the  continual  disturbance  of  the  roadway  for  such  examina- 
tions must  keep  the  surface  in  a  perpetual  state  of  disrepair.  It  is  stated 
that  in  one  of  the  London  streets,  extending  to  about  one-third  of  a  mile, 
the  annual  cost  in  connection  with  the  disturbance  and  reinstatement  of  it 
amounts  to  a  sum  of  over  J&200. 

The  leakage  of  gas  and  water  mains,  which  leads  to  very  serious  results, 
besides  the  enormous  loss  to  the  owning  companies,  would  be  prevented  or 
at  least  greatly  reduced  by  the  introduction  of  subways.  The  leakages  of 
underground  mains  are  mostly  due  to  a  small  beginning,  as,  for  instance, 
the  joints  drip  or  leak ;  being  removed  from  sight,  an  examination  is  impos- 
sible^ and  it  increases  until  it  brings  about  a  collapse  in  the  surrounding 
ground. 

These  mains,  if  placed  in  a  subway,  could  be  examined  daily,  and  any 
defects  promptly  remedied;  this  would  lessen  danger  and  effect  a  great 

*  "Street  Sabways  for  Large  Towns,"  by  Charles  Mason,  Trans.  Soe,  Engineers^ 
1895. 
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saving  in  gas  and  water,  while  the  repairs,  cleansing,  and  painting  of  the 
pipes  and  general  inspection  conld  he  carried  out  periodically. 

598.  Yentilatioiu — Ohjections  have  heen  raised  that  the  escape  of  ga» 
from  the  mains  might  produce  disastrous  results;  no  douht  this  would 
happen  if  the  gas  pipes  were  not  properly  inspected  and  prompt  action  taken 
for  repairing  them  when  necessary.  Any  leakage  of  a  temporary  nature 
tending  in  that  direction  would  he  easily  obviated  by  efficient  ventilation,, 
which  is  of  the  greatest  importance  in  any  conduit  or  subway. 

It  is  reasonable  to  suppose  that  the  life  of  gas,  water,  and  other  mains 
would  be  considerably  increased  if  placed  in  a  subway,  compared  with  being 
laid  in  the  ground  and  near  the  surface  of  the  roadway,  where  a  sudden 
change  of  temperature  adversely  a£fects  them.  It  has  been  proved  by  obser- 
vation that  the  air  in  subways  does  not  vary  more  than  about  5"*,  while 
the  range  of  the  temperature  of  the  outside  air  amounts  in  many  cases  t(> 
about  34*.  The  range  of  temperature  in  existing  subways  varies  from  about 
40"*  to  45**  during  the  winter  and  summer  months  respectively. 

599.  The  regulations  issued  in  1893  by  the  London  County  Council  pnK 
hibit  the  use  of  naked  lights  or  molten  lead  in  the  subways  under  their 
jurisdiction,  while  in  the  city  subways  no  such  restrictions  are  enforced,  open 
gas  lights  being  in  use  throughout  their  length.  Such  restrictions  in  regard 
to  the  use  of  naked  lights  and  other  matters  must  seriously  hamper  the 
extended  use  of  subways  in  many  districts  of  London,  as  the  public  com* 
panics  having  Parliamentary  rights  to  have  their  pipes  under  ground  might 
not  be  induced  to  make  use  of  the  subways  under  these  conditions, 

600.  The  municipalizing  of  public  companies,  which  in  large  cities  is  a 
very  complex  problem,  would  in  all  probabUity  obviate  many  of  the  difficul- 
ties standing  in  the  way  of  forming  subways  on  a  larger  scale.  If  such  a 
course  were  adopted,  these  would  be  constructed,  and  the  mains  and  other 
pipes  laid,  and  all  the  works  would  be  maintained  under  the  jurisdiction 
of,  and  be  the  exclusive  property  of,  one  company. 

601.  Construction  of  Subways. — ^The  earlier  subways  carried  out  in 
London  consisted  of  a  semi-circular  arch  of  brick,  6  feet  high,  constructed 
along  the  centre  of  the  thoroughfare  with  the  sewer  underneath,  and  of 
laterals  or  sideways  about  4  feet  in  height,  branching  off  at  right  angles  from 
the  main  subway.  The  more  recent  subways  have  been,  for  the  most  part,, 
made  from  11  to  12  feet  wide,  and  from  6  to  8  feet  high;  they  are  built 
with  brick  arching,  and  have  laterals  placed  from  30  to  60  feet  apart 
Many  of  these  subways  are  quite  inadequate  for  the  requirements  of  the 
district  in  which  they  are  situated,  while  others  are  only  partially  made  use 
of.  This  clearly  points,  especially  in  busy  streets  and  where  many  thorough- 
fares converge,  to  the  utilizing  of  the  greater  part  of  the  width  between  the 
kerbs  or  in  very  wide  carriageways,  the  forming  of  a  subway  on  each  side  of 
ample  size,  and  connecting  them  at  suitable  intervals  by  means  of  sideways 
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or  laterals.  By  either  of  these  methods  duplicate  mains  could  be  placed  near 
the  adjoining  properties  on  each  side  of  the  street  and  connected  at  con- 
venient points  across  the  thoroughfore  through  the  laterals.  This  arrange- 
ment would  be  preferable  to  having  only  one  gas  or  water  main  in  each 
street,  and  admits  of  sections  being  disconnected  for  repairs  or  for  a  burst 
pipe,  and  shortens  the  distance  for  the  house  connections. 

It  would  be  necessary  to  provide  drainage  by  means  of  gullies  in  the 
floor  of  the  subway  and  laterals  (to  receive  washings  and  water  from  the 
mains  should  they  require  to  be  emptied)  properly  connected  to  the  sewer ; 
house  drains  would  also  I'equire  to  be  specially  arranged  for.  Provision  for 
the  street  drainage,  and  connections  for  street  lamps,  water  posts,  and  fire 
hydrants  would  obviously  be  requisite  also. 

Vaults  under  the  footways  have  been  advocated,  which  no  doubt  in 
many  business  thoroughfares  with  underground  warehouses  would  serve  for 
the  purpose  of  storing  goods,  and  from  that  a  considerable  revenue  might 
be  derived. 

602.  The  system  of  construction  generally  adopted  in  making  under- 
ground railways  in  towns  might  be  advantageously  adopted,  for  the  forming 
of  subways,  or  some  modification  of  that  method.  The  side  walls  could 
be  constructed  of  concrete  or  brickwork  of  sufficient  thickness  and  height, 
according  to  the  particular  circumstances  of  the  case,  and  covered  with  steel 
decking  of  dimensions  sufficient  to  carry  the  roadway  and  the  vehicular 
traffic  safely.  This  form  of  construction  could  be  applied  to  either  class  of 
subway  above  mentioned,  and  would  give  the  maximum  area  possible,  and 
be  especially  advantageous  for  hanging  small  pipes  from  the  roof  instead  of 
having  them  carried  by  means  of  brackets  fixed  to  the  walls.  The  roofing 
and  walls  would  require  to  be  made  thoroughly  waterproof,  and  the  floor 
laid  with  concrete  or  asphalte. 

603.  For  adequately  carrying  out  repairs  or  renewals,  tramways  should 
be  laid  in  the  subways  and  properly  squipped  with  rolling  stock  for  con- 
veying and  handling  heavy  pipes,  either  when  laying  a  new  line  of  mains  or 
renewing  an  existing  one.  The  entrance  to  the  subways  would  require  to 
be  situated  in  a  side  street,  in  close  proximity  to  them,  and  conveniently 
placed,  a  special  access  leading  to  the  yard  or  court  connected  with  the 
subways  being  provided  and  kept  constantly  closed,  except  for  the  admission 
of  authorised  workmen  and  the  delivery  or  removal  of  pipes  and  other 
materials  for  repair. 

604.  Cranes  or  hoists  of  sufiicient  capacity  for  handling  heavy  weights 
would  require  to  be  provided  for  lowering  or  lifting  material  to  or  from  the 
trollies  or  bogies  on  the  tramways.  These  tramways  could  be  operated  either 
by  manual  labour,  cable,  or  electricity,  and  the  whole  subway  illuminated 
by  electric  light,  and  parcelled  out  into  short  sections  for  daily  inspection 
or  for  repairs.     It  would  be  imperative  that  the  entrance  to  the  subways  be 

2c 
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under  the  direct  control  of  the  authorities,  whose  servants  would  admit  only 
workmen  provided  with  passes,  and  this  would  also  guard  against  the  admis- 
sion of  anyone  to  the  subways  for  illegal  purposes. 

605.  Undoubtedly  many  difficulties  will  arise  as  to  the  best  form  of 
construction  to  be  adopted  in  any  particular  case,  so  as  to  satisfy  all  concerned. 
The  great  number  of  pif^es  in  many  of  the  existing  streets  would  likewise 
create  difficulties  in  constructing  subways,  but  in  no  case  are  these  insur- 
mountable, as  many  of  the  underground  railways  carried  through  some  of  oar 
large  cities  have  successfully  dealt  with  similar  conditions. 

606.  The  cost  of  construction,  apart  from  the  difficulties  and  vested 
interests,  has  hitherto  been  the  great  obstacle  to  forming  subways  in  London, 
as  well  as  to  their  introduction  into  other  cities.  Those  already  constructed 
in  the  Metropolis — that  is,  the  single  subways — have  cost  from  £25  to  £40 
per  lineal  yard,  while  a  triple  subway  proposed  by  Mr.  C.  Mason  in  1895,  and 
occupying  the  full  width  of  a  50-feet  street,  was  estimated  to  cost  £80  per 
yard.* 

These  subways  are  built  of  brick  arching,  which  not  only  increases  the 
cost  of  construction,  but  also  causes  considerable  delay  and  annoyance 
during  the  execution  of  the  work.  By  adopting  side  walls  which  could 
be  built  in  trenches  (which  would  not  interfere  with  the  traffic  to  any  great 
extent),  and  employing  steel  decking  properly  coated  and  kept  in  repair, 
the  work,  in  the  author's  opinion,  would  be  more  expeditiously  executed 
as  well  as  more  economical.  Sections  of  a  street  could  be  lifted,  the  girders 
then  placed  in  position  and  the  pavement  relaid,  leaving  the  soil  between  the 
walls  to  be  removed  to  the  necessary  depth,  and  the  gas  and  water  mains 
and  other  connections  to  be  re-arranged  in  the  subway  by  degrees.  This 
arrangement  would  remove  to  a  great  extent  the  apparently  insurmountable 
difficulty  which  is  at  present  cited  as  militating  against  the  forming  of 
subways. 

607.  The  first  cost  of  construction,  which  might  be  fairly  urged  against  the 
introduction  of  subways,  would  ultimately  prove  to  be  a  considerable  saving 
when  the  expenditure  incurred  in  tracing  leakages  and  repairing  breakages, 
the  enormous  loss  of  water  and  gas,  the  cost  involved  in  reinstating  the 
roadway  (which  at  times  can  only  be  termed  replacement),  the  great  loss  to 
business  people  through  delay,  and  the  50  per  cent.  inci*ease  in  the  life 
service  of  a  pavement  are  considered. 

608.  With  reference  to  subways  for  pedestrian  traffic,  tho  best  example 
of  this  kind  hitherto  executed  is  in  connection  with  the  Central  London 
Railway  at  the  Bank  Station,  Mansion  House. 

This  public  subway,  which  has  been  constructed  by  the  Railway  Com- 
pany, is  situated  immediately  under  the  street  pavement,  and  is  of  an  oval 
shape  in  plan.     There  are  six  entrances  to  the  subway  for  ordinary  foot 

♦  ** Street  Subways  for  Large  Towns,"  by  C.  Mason,  Trans.  Soc.  Engineers  (1896). 
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traffic,  not  oaly  to  the  Bank  Station,  but  for  the  purpose  of  proceeding  from 
one  street  to  another  at  this  extremely  busy  and  crowded  spot. 

The  several  entrances  are  situated  at  the  following  diflfereut  points : — 
(1)  on  the  pavement  in  front  of  the  Royal  Exchange,  and  following  a 
north  and  west  direction ;  (2)  on  the  pavement  in  front  of  the  Union  Bank ; 
(3)  on  the  pavement  at  the  junctions  of  Queen  Victoria  Street,  Poultry, 
and  Walbrook.  On  the  south  and  eastwards  (4)  at  Mansion  House  Place ; 
(5)  at  the  north-east  comer  of  the  Mansion  House ;  and  (6)  on  the  pavement 
in  front  of  the  Liverpool  and  Globe  Insurance  Company's  office.  The  sub- 
way then  joins  the  starting-point  under  the  pavement  in  front  of  the  Royal 
Exchange. 

This  subway  for  foot-traffic  is  15  feet  wide,  lined  with  glazed  tiles  and 
covered  with  steel  decking  and  concrete,  and  the  whole  length  is  illuminated 
with  electric  light. 

As  the  subways  are  placed  immediately  below  the  surface  of  the  street 
pavements,  the  flights  of  steps  leading  to  the  footways  are  of  easy  access, 
an  arrangement  which  is  of  immense  benefit  to  pedestrians. 

Another  subway,  placed  directly  under  that  just  described  and  of  a 
similar  width,  has  been  constructed  for  the  purpose  of  accommodating  gas 
and  water  mains,  electric  light  wires,  and  sewers.  • 
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M9.  There  is  do  finality  in  road  repairs.  The  great  problem  is  to  reduce 
the  wear  from  wheel  traffic  and  the  effects  of  weather  to  a  minimum.  Many 
circumstances  exist  which  require  careful  consideration,  and  the  details 
involved,  if  properly  carried  out,  will  tend  to  lessen  not  only  the  tractive 
efforts  of  horses,  which  is  a  destructive  element  in  itself,  especially  on  steep 
gradients,  but  also  the  cost  of  construction,  and  economy  in  the  subsequent 
maintenance  of  the  roads  will  he  promoted.  Likewise,  if  a  system  of  carry- 
ing out  the  work  is  adopted  whereby  the  road  covering  will  have  a  life 
service  of  several  years  compared  with  that  under  the  method  of  repairing 
them  annually,  the  inconvenience,  vexatious  delays  to  traffic,  and  damage 
to  vehicles  would  be  materially  lessened,  if  not  altogether  avoided. 

One  of  the  principal  questions  involved  in  laying  out  a  new  route,  as  also 
in  the  improvement  of  mauy  existing  roads,  is  the  facility  with  which  traffic 
between  the  terminal  points  t3  be  united  can  be  conveyed,  and  the  conse- 
quent economy  of  the  operation.  Easy  gradients,  so  far,  tend  to  this  end, 
but  the  prospective  trafHc  over  the  road  will  determine  what  extra  expense 
is  permissible  in  order  to  obtain  them.  Qreat  irregularities  of  level  should 
be  avoided  if  possible,  as  the  tractive  power  required  to  carry  a  given  load 
is  mainly  dependent  on  the  steepest  gradients  passed  over,  and  will  be  pro- 
portionally in  excess  of  that  needed  for  the  easier  gradients. 

It  is  not  difficult  to  understand,  on  referring  to  Table  III.,  p.  34,  that 
the  force  required  to  haul  a  load  up  a  gradient  of  1  in  24  is  twice  that 
needed  to  move  it  on  a  level.  A  horse  can  exert  twice  his  ordinary  strength 
for  a  short  period  of  time,  and  is  therefore  able  to  take  the  load  up  such  a 
gradient  for  a  moderate  distance,  but  beyond  such  distance  it  will  require 
either  extra  help  or  a  reduction  of  the  load. 

The  extra  cost  of  transport  due  to  steep  gradients  is  increased  by  any- 
thing which  impedes  traction  along  the  road,  such  as  an  irregular  or  bumpy 
surface,  or  a  covering  of  mud.  On  a  practically  level  road  having  a  hard 
and  smooth  surface  the  cost  of  haulage  may  be  taken  at  from  4^d  to  6d. 
per  ton-mile  for  continuous  work,  while  on  roads,  the  surface  of  which  is 
covered  with  metalling  (continuous  or  in  isolated  patches),  or  mud,  or  is 
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otherwise  ia  bad  condition,  the  cost  will  be  raised  to  8d.  or  lOd.  per  ton-mile. 
This  is,  as  may  be  supposed,  caused  by  the  limitation  of  the  loads  hauled, 
the  decreased  speed,  wear  and  tear  of  horses  and  vehicles,  ancl  the  necessity 
for  making  more  trips  to  transport  a  given  weight  or  employing  more  horses 
to  accomplish  the  work. 

As  the  selling  price  of  all  commodities  includes  the  cost  of  carriage,  the 
condition  of  the  roads  must  have  a  corresponding  influence  on  the  welfare  of 
a  community. 

The  durability  of  a  road  or  street  covering  affects  the  ratepayer  directly, 
and  consequently  it  is  an  all-important  matter.  Durability  and  economy  are 
not  always  promoted  solely  by  using  a  superior  description  of  material  for 
the  covering  of  a  road  or  street ;  it  is  necessary,  and  in  many  instances  of 
greater  importance,  than  the  matter  of  the  wearing  surface,  to  secure  a  proper 
and  solid  foundation,  efficient  subsoil  and  surface  drainage,  combined  with 
easy  gradients.  These  conditions  demand  careful  construction  and  efficient 
maintenance,  while  all  the  materials  employed  should  be  the  best  obtainable, 
and  the  methods  of  procuring,  manufacturing,  and  applying  them  should  be 
those  which  will  promote  economy. 

The  congestion  of  vehicular  traffic  in  large  cities  creates  great  incon- 
venience and  delay,  while  the  loss  of  time  caused  by  the  latter  must  amount 
to  a  considerable  sum  annually.  Although  this  does  not  occur  to  any  great 
extent  in  country  districts,  still,  badly  laid-out  roads,  apart  from  the 
condition  of  the  surface,  with  steep  gradients  and  sharp  turnings,  greatly 
inconvenience  the  traffic  and  add  to  the  cost  of  transit.  These  adverse 
conditions  could  in  most  instances  be  removed,  and  the  durability  or  wear- 
resistance  of  the  road  surface  increased. 

The  cross-country  road  described  at  p.  52  is  a  ca^e  in  point,  and  is  typical 
of  many  of  those  in  this  country.  It  is  obvious  that,  by  laying  out  a  new 
road  properly,  one  horse  may  be  able  to  perform  the  work  of  two,  while 
many  existing  roads  could  be  improved  and  similar  results  obtained  by 
reducing  gradients  or  deviating  the  line  of  road  and  cutting  off  dangerous 
corners.  County  Councils,  however,  have  not  hitherto  been  disposed  to 
carry  out  improvements  in  this  direction,  and,  apart  from  the  heavy  strain 
occasioned  to  horses  travelling  over  this  class  of  roads,  such  roads  will  prove 
a  serious  drawback  in  many  parts  of  the  country  to  the  introduction  of 
motor  vehicles  as  an  economical  means  of  transit. 

Comparatively  level  stretches  of  road  should  be  avoided,  as  the  cost  of 
maintenance  is  increased  compared  with  those  having  a  minimum  gradient 
of  1  in  80  or  1  in  100,  owing  to  the  better  drainage  of  the  subsoil  and 
the  surface,  while  the  tractive  effort  of  horses  is  not  materially  affected 
on  such  an  incline. 

The  foundation  of  a  road  is  of  vital  importance,  and  should  there- 
fore be  carefully  constructed.     The  drainage,  often  carried  out  in  a  very 
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indifferent  maoDer,  should  be  provided  for  by  laying  stoneware  pipes  with 
proper  inspection  eyes  at  convenient  points,  so  that  their  efficiency  may  be 
tested  periodically. 

Telford's  and  Macadam's  methods  of  forming  a  foundation  are  too  expen- 
sive for  general  application,  and  indeed  cannot  be  adopted  under  certain 
conditions,  while,  to  make  a  Telford  foundation  a  success,  specially  prepared 
stones  are  necessary,  and  these  it  may  be  difficult  to  obtain  in  most  districts. 

The  paved  foundations  generally  carried  out  by  Telford,  and  adopted  to 
some  extent  at  the  present  time,  may  be  advantageously  dispensed  with,  and 
a  bottoming  of  hard  core  or  whinstone  broken  to  3-inch  or  4-inch  cubes 
applied.  This  method  of  construction,  when  the  stones  are  spread  to  a 
sufficient  thickness  to  meet  the  requirements  of  the  case,  makes  by  far  the 
most  successful  and  economical  foundation.  The  name  '  hard-core,'  however, 
is  generally  applied  to  all  kinds  of  material,  including  bricks  and  rubbish 
of  a  miscellaneous  description.  When  such  materials  are  made  use  of 
for  the  foundation  of  a  road,  satisfactory  results  cannot  be  expected,  while 
the  durability  of  the  surface  will  be  affected,  even  although  it  should  be 
covered  with  superior  metalling  procured  probably  at  great  expense.  The 
formation  of  the  roadway  should  be  consolidated  previous  to  applying  the 
bottoming  material,  which  must  be  steam-rolled,  the  joints  being  filled  with 
sand,  any  slacks  or  depressions  being  made  good  as  the  work  proceeds. 
Artificial  watering  should  not  be  permitted  until  the  later  stages  of  the 
rolling,  and  then,  if  necessary,  only  to  a  limited  extent. 

New  roads  have  not  been  undertaken  to  any  extent  in  recent  years  in 
this  country;  consequently,  experience  of  the  beneficial  effect  of  the  method 
of  construction  described  is  limited.  Where  that  has  been  adopted,  the 
decreased  expenditure  for  maintenance  is  very  marked,  when  compared  with 
other  roads  in  close  proximity  and  resting  on  the  same  description  of  subsoil 
and  subjected  to  similar  traffic.  Where  such  differences  as  to  the  condition 
of  a  road  and  its  relative  cost  of  upkeep  arise,  the  most  natural  procedure  is 
to  make  a  thorough  examination  of  the  covering  material  and  also  of  the 
foundation  of  those  roads  which  are  unsatisfactory,  so  that  their  condition 
can  be  ascertained. 

In  the  majority  of  cases  it  will  be  found  that  the  foundation  is  in  a  very 
irregular  and  unsatisfactory  condition,  so  that  durability  and  reduction 
in  the  cost  of  maintenance  will  be  looked  for  more  in  the  direction  of 
reconstructing  the  foundations  of  roads  than  in  a  lavish  expenditure  on 
metalling.  Many  roads,  supposed  to  be  constructed  on  Telford's  and 
Macadam's  system,  will,  on  examination,  be  found  to  contain  more  soft  or 
soluble  matter  than  wearing  material.  It  is  difficult  to  assert  whether  these 
roads  were  deficient  when  constructed,  or  have  become  so  through  neglect ; 
still  the  fact  remains  that  in  many  instances  they  are  very  deficient  in  the 
essentials  which  constitute  a  well-made  road.     Casual  observations,  where  a 
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trench  is  cut  across  a  road  for  the  purpose  of  laying  pipes  in  connection  with 
water,  gas,  or  drainage  works,  amply  show  this  condition  of  matters^  and  on 
many  roads  it  is  not  to  be  wondered  at  that  the  cost  of  maintenance  is  not 
proportionate  to  its  condition  and  durability  in  relation  to  the  amount  of 
wheel  traffic  passing  over  it. 

The  beneficial  results  obtained  by  lifting  and  reconstructing  a  piece  of 
bad  road  not  only  promote  economy  in  maintenance;  the  improved  sur- 
face makes  traction  easier,  and  consequently  lessens  the  cost  of  transit. 

The  complete  separation  of  all  soft  material  from  the  stones  forming  a 
road  is  absolutely  necessary,  while  the  consolidation  of  the  earth  formation,  and 
the  bottoming  and  the  top-metalling  separately  is  indispensable ;  durability 
can  only  be  expected  to  result  from  this  method  of  construction  con^bined 
with  the  employment  of  material  of  a  superior  description. 

All  large  stones  forming  the  foundation  of  an  existing  road  should  be 
removed  and  broken  to  regular  size,  spread  to  a  uniform  thickness,  and  con- 
solidated by  rolling.  Material  of  an  inferior  quality,  such  as  ordinary  sand- 
stone or  stones  of  a  soft  description,  should  be  removed ;  good  results  cannot 
be  expected  by  using  freestone,  especially  when  of  a  soft  character,  for 
bottoming  roads,  as,  being  of  an  absorbent  nature,  alternating  frost  and  thaw 
penetrating  the  crust  of  a  road  will  in  time  disintegrate  such  material,  when 
the  tup-metalling  will  be  pressed  into  the  foundation,  and  an  irregular  and 
unsatisfactory  surface  will  be  the  result. 

All  the  smaller  stones  should  be  screened  from  the  larger  pieces  of 
material,  and,  if  suitable,  used  as  metalling.  Any  deficiency  in  the  thickness 
must  be  made  good  by  applying  extra  material  of  an  approved  quality,  such 
as  the  trap  rocks  generally.  It  is  infinitely  better  to  lift  and  reconstruct  the 
foundation  of  a  bad  piece  of  road,  and  introduce  proper  drainage,  than  to 
expend  large  sums  on  surface  repairs. 

Efficient  rolling,  that  is,  the  degree  of  consolidation  necessary  to  form  a 
solid  mass  with  just  sufficient  binding  left  to  ensure  cohesion  of  the  metalling, 
is  of  great  importance,  and  tends  to  promote  durability  of  a  road  surface. 

Binding  should  be  of  a  light  description  and  not  liable  to  be  affected  by 
frost  when  in  a  damp  state.  The  use  of  an  improper  material  for  binding 
purposes,  such  as  ordinary  earth  or  soil  of  a  clayey  nature,  will  cause  great 
destruction  to  the  road  surface  during  adverse  weather ;  consequently,  a  coat 
of  metalling  consolidated  when  an  inferior  binding  is  used,  is  not  so  durable 
as  a  coating  consolidated  with  sand  or  loamy  sand,  even  when  the  same 
description  of  macadam  is  made  use  of. 

The  controlling  factors  in  connection  with  roads  are  first  cost  and  the 
amount  expended  annually  to  maintain  them  efficiently.  This  points  to 
obtaining  a  supply  of  cheap  and  suitable  materiak,  so  that  economy  of  con- 
struction and  repairs,  and  durability,  may  be  promoted.  The  obvious 
necessity  at  the  present  time,  owing  to  the  altered  condition  of  trade  and 
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traffic,  for  obtaining  a  higher  standard  of  perfection  iu  road  maintenance  like- 
wise demands  that  this  class  of  work  should  be  carried  out  on  more  scientiiic 
principles  than  formerly,  and  by  the  adoption  of  labour-saving  appliances. 

The  cheapest  methods  of  obtaining  the  materials  necessary  for  construe- 
ing  and  repairing  roads  have  already  been  pointed  out ;  and,  briefly  stated, 
the  quantity  of  metalling  which  can  be  procured  by  the  aid  of  machinery  for 
the  same  expenditure  is  double  that  of  hand-produced  macadam. 

That  the  rolling  of  a  coat  of  metalling  (as  averred  by  some  people)  is  a 
luxury  to  those  using  the  highways,  but  involving  expenditure  additional  to 
that  of  the  former  systems  of  road  maintenance,  is  an  untenable  contention, 
when  it  is  considered  that  steam-rolling,  including  the  collateral  chargers 
amounts  at  most  to  8d.  per  ton  of  macadam  consolidated.  The  loss  caused  by 
abrasion  by  the  wheels  of  vehicles  when  the  metalling  is  spread  in  isolated 
patches  and  consolidated  by  the  traflSc  is  equal  to  30  per  cent,  of  the  quantity 
applied ;  therefore,  the  value  of  this  loss,  when  the  material  is  supplied  at 
3s.  per  ton,  is  about  11  d.  When  the  road  metal  costs  6s.  per  ton,  then 
the  saving  on  this  account  is  lOd.,  after  allowing  for  the  expense  of  rolling. 
This  shows  a  clear  saving  in  favour  of  consolidating  the  metalling  by  steaui- 
rolling.  Besides,  further  economy  is  possible,  owing  to  the  coating  being  left 
in  a  hard,  compact,  and  smooth  condition,  which  also  promotes  durability. 

The  continual  increase  of  traffic  over  the  roads  at  the  present  time,  tlie 
general  adoption  of  cycles  and  motor  vehicles  for  travelling  either  on  business 
or  for  pleasure,  require  a  stronger  road  and  a  better  surface.  The  increased 
cost  of  labour  necessary  for  preparing  and  applying  the  material,  and  the 
subsequent  care  of  roads,  has  opened  up  an  extensive  Held  for  the  application 
of  mechanical  appliances.  Many  of  the  machines  hitherto  employed  in  con- 
nection with  road  work  have  not  been  quite  satisfactory,  but  inventors  and 
engineers,  as  in  all  other  branches  of  ap[)lied  mechanics,  have  placed  reliable 
labour-saving  appliances  on  the  market,  so  that  a  great  service  has  been 
rendered  to  those  engaged  in  road  work,  and  also  to  the  public  for  whose  use 
the  roads  are  maintained. 

The  proof  that  work  in  connection  with  macadamized  roads  can  be  accom- 
plished by  the  use  of  machinery  for  one-half  the  cost  of  hand  labour  is 
irresistible  ;  consequently,  in  those  districts  where  power  drills  for  quarrying 
and  other  appliances  have  been  introduced,  a  command  of  cheaply  produced 
materials  is  easily  obtained. 

Probably  a  lack  of  experience  has  militated  against  the  more  extensive 
adoption  of  such  appliances  (especially  rock  drills),  which  points  to  the  neces- 
sity for  engineers  and  surveyors  taking  every  opportunity  of  acquiring 
experience  from  the  results  obtained  where  these  modern  labour-saving 
machines  are  in  daily  use,  and  have  proved  not  only  successful  but  economical. 

Metalling  can  be  produced  by  stone-breaking  machines  at  one-half 
the  cost  of  hand  labour.     Many  objections  have  been  urged  against  them, 
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but,  like  all  innovations,  stone-breaking  machines,  although  their  intro- 
duction has  been  slow,  are  now  greatly  used  and  are  increasing  in  number. 
To  keep  a  road  roller  constantly  at  work  requires  a  large  daily  supply  of 
macadam,  and  it  is  only  by  the  aid  of  machinery  in  providing  the  necessary 
quantity,  that  successful  and  economical  rolling  can  be  carried  on.  Of  all  the 
machines  comprised  in  a  road  maintenance  plant,  the  stone-breaker  requires 
the  most  attention.  It  is  an  easy  matter  to  turn  out  a  bad  sample  of 
macadam,  even  with  a  modem  machine  ;  the  class  of  rock,  method  of  feeding 
and  regulating  the  movements,  and  many  other  details,  which  can  only  be 
found  out  by  experience,  have  a  marked  influence  in  producing  a  cuboidal 
sample  of  road  metal. 

^lany  surveyors  and  others  maintain  that  machine-broken  metalling  is 
crushed,  starred,  rounded,  and  made  flaky.  No  doubt  the  latter  may  take 
place  when  the  rock  is  dealt  with  by  an  unsuitable  machine,  or  by  bad 
management,  but  generally  speaking  the  defects  mentioned  do  not  exist  to 
any  extent. 

To  add  to  these  observations  the  author  would  just  refer  to  the  results 
obtained  from  macadam  broken  by  machinery  compared  with  the  case  of 
hand-broken  metal,  in  so  far  as  economy,  durability,  and  a  good  surface  are 
•concerned,  and  which  are  detailed  at  pp.  285  and  290. 

Scarifiers  for  breaking  up  macadamized  road  surfaces  preparatory  to  re- 
forming and  coating  are  almost  as  essential  as  rollers  in  connection  with 
road  work.  A  machine  which  will  loosen  a  macadamized  road  more  expedi- 
tiously and  thoroughly  than  can  be  performed  by  manual  labour  at  yt  ^^ 
^  the  cost  is  a  decided  advantage.  Experience  shows  that  beneficial 
results  arise  from  the  use  of  such  a  machine,  and  it  is  easy  to  establish  the 
efficiency,  financially  and  otherwise,  of  the  modern  mechanical  road  scarifiers. 
Especially  is  this  the  case  when  refacing  roads,  of  which  the  surface  has 
become  irregular  or  cupped,  if  the  crust  contains  a  sufficient  quantity  of 
metalling.  This,  in  many  instances,  will  obviate  the  necessity  of  applying 
a  fresh  coat  of  macadam,  which  is  a  comparatively  expensive  operation. 

To  insist  that  a  coat  of  metalling  should  be  consolidated  by  rolling  would 
appear  on  the  eve  of  the  twentieth  century  to  be  contrary  to  the  generally 
accepted  ideas  of  the  material  advancement  in  other  and  kindred  matters. 
This  is  not  the  case,  however,  and  in  many  counties  it  is  questionable  if 
more  than  50  per  cent,  of  the  metalling  applied  annually  is  consolidated  by 
rolling. 

The  author  maintains  that,  except  probably  on  by-roads,  to  keep  a  road 
in  a  sound  condition,  every  patch  or  coat  of  metalling  laid  on  a  road  should 
be  consolidated  by  rolling  immediately  after  it  is  spread.  This  at  times  may 
be  somewhat  difficult  to  accomplish,  especially  in  districts  subject  to  severe 
extremes  of  weather  during  a  portion  of  the  season,  such  as  alternating 
frost  and  thaw,  or  where  the  work,  previously  arranged  with  great  ctire,  has 
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tube  modified  to  suit  other  arrangements.  It  should  nevertheless  be  the 
constant  endeavour  of  those  engaged  in  road  work  to  maintain  the  surface  of 
a  road  so  that  the  travelling  public  may  only  know  by  the  appearance  and  the 
improved  conditions  that  repairs  or  improvements  are  being  carried  on,  with- 
out their  having  the  disagreeable  experience  of  bumping  and  jolting  when 
passing  over  the  isolated  or  continuous  coatings  of  loose  macadam,  or  feeling 
at  '  sea '  on  the  highway,  instead  of  travelling  in  comfort. 

If  the  surface  of  a  road  is  maintained  in  a  smooth  and  hard  condition, 
durability  is  increased,  and,  consequently,  economy  is  promoted.  The  question 
of  tractive  force  exemplifies  the  true  economy  of  a  road  in  good  condittoa  On 
a  well-constructed  road,  and  having  a  smooth  surface,  the  resistance  which  a 
horse  has  to  overcome  is  only  one-half  that  on  a  road  kept  in  moderate  repair. 

The  construction  of  railways  has  so  far  checked  the  progress  of  improve- 
ments on  roads  generally,  the  result  being  a  penalty  in  the  form  of  providing 
animal  power  to  surmount  the  steep  gradients,  which  prevents  any  cheapen- 
ing of  transit  in  carrying  goods  between  railway  depots  and  the  outlying 
villages  and  agricultural  districts. 

The  question  of  cheap  internal  transportation  is  one  of  great  importance, 
and  it  is  perfectly  certain  that  railways  require  to  be  supplemented  by  some 
form  of  traction  which  will  put  them  in  proper  communication  with  the  out- 
lying localities.  Light  railways  in  certain  districts  may  tend  to  accomplish 
this,  but  it  is  more  in  the  direction  of  mechanically  propelled  vehicles, 
suitable  for  travelling  over  roads,  that  any  real  benefit  may  be  looked  for. 
Motor  vehicles,  which  can  readily  be  made  to  work  under  favourable  condi- 
tions, will,  to  perform  the  transit  of  goods  cheaply,  require  to  travel  at  a 
considerable  speed  ;  therefore  suitable  roads,  that  is,  with  easy  gradients  and 
smooth  surfaces,  are  indispensable  to  successfully  demonstrating  the  economic 
advantages  of  the  automobile. 

There  is,  unfortunately,  no  general  law  for  regulating  the  width  of 
wheels  of  vehicles.  Stringent  by-laws  regulating  this  are  a  necessity,  when 
the  damaging  influence  of  heavy  weights  on  narrow  tyres  lire  considered,  or  of 
very  broad  wheels,  carrying  proportionately  heavy  weights,  only  partially  in 
contact  with  the  surface  of  a  well-made  road. 

610.  In  the  event  of  motor  vehicles  wholly,  or  even  partially,  super- 
seding horses  in  conveying  goods  and  heavy  loads  over  the  highways, 
then  the  great  difficulty  of  maintaining  the  roads  in  first-class  order  will  be 
surmounted.  As  each  wheel  of  a  motor  car,  to  attain  speed  and  minimize 
vibration,  will  have  solid  or  pneumatic  tyres,  or  tires,  the  action  of  such 
on  the  surface  of  a  road  will  reduce  attrition  or  wear  to  a  minimum  compared 
with  the  hoofs  of  horses  and  the  iron  tyres  of  vehicles  at  present  in  use. 
The  insufferable  noise  caused  by  iron  tyres  on  hard  pavements  clearly 
demonstrates  the  need  for  a  wheel  with  an  elastic  tread,  and  therefore  this 
would  provide  a  practically  noiseless  wheel. 
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Motor  vehicles  are  generally  provided  with  pneumatic  tyres  which  yield 
to,  and  consequently  absorb,  the  vibration  caused  by  irregularities  on  the 
road  surface,  by  reason  of  the  compressed  air  in  the  tube  extending  round 
the  periphery  of  the  wheel  and  acting  as  a  continuous  spring.  These  tyres 
for  motor  vehicles  are  manufactured  by  special  machinery  and  are  made 
thicker  at  the  tread,  where  naturally  the  greatest  wear  takes  place,  and 
where  there  is  the  most  liability  to  puncture ;  they  are  further  strengthened 
by  the  application  of  woven  canvas  insertion. 

For  light  motor  vehicles  this  appears  to  be  all  that  is  necessary,  the  area 
of  support  of  the  single  pneumatic  tyre  on  each  wheel  being  sufficient. 

It  is  when  there  is  a  concentration  of  heavy  loads  on  the  four  wheels, 
which  is  the  number  motor  cars  usually  have,  that  the  small  area  of  wheel 
contact  presents  a  serious  difficulty  in  solving  the  problem  of  conveying 
heavy  goods  by  means  of  automobiles.  It  has  been  suggested  that,  like 
railway  rolling  stock,  more  wheels  might  be  introduced  or  be  constructed  on 
the  bogie  principle,  so  as  to  distribute  the  weight  over  a  greater  bearing 
surface. 

This  difficulty  might  also  be  overcome,  when  the  present  number  of  four 
wheels  is  used  (which  is  the  best  form  for  use  on  the  highways),  by  introducing 
two  or  more  pneumatic  tyres  on  each  wheel.  This  would  distribute  the 
loads  equally  over  a  considerable  area  of  wheel  contact,  the  tyres  being 
compressed  or  deformed  in  accordance  with  the  actual  weight  brought  upon 
them  in  relation  to  the  contour  and  irregular  nature  of  the  road  surface 
traversed. 

It  need  hardly  be  pointed  out  that  should  this  much  to  be  desired  form 
of  traction,  combined  with  pneumatic  wheel  tyres,  be  mechanically  success- 
ful, the  surface  wear  of  roads,  once  properly  constructed,  will  be  decreased 
greatly,  while  the  sanitary  condition  of  roads  and  carriageways  will  be 
improved.  Under  these  circumstances,  it  will  be  possible  to  attain  the 
standard  of  excellence  set  up  by  cyclists,  and  it  may  be  observed  that  the 
nearer  to  perfection  the  condition  of  a  road  surface  attains,  the  cost  of 
maintenance  will  be  proportionately  decreased. 

If  motor  vehicles  supersede  horses,  particularly  in  regard  to  conveying 
heavy  loads,  it  is  just  possible  that  some  other  description  of  binding  may  be 
necessary  in  consolidating  macadamized  roads.  The  pumping  action  or 
suction  created  by  pneumatic  tyres,  especially  when  propelled  at  a  high 
speed,  causes  a  considerable  movement  of  the  fine  particles,  or  the  material 
which  acts  as  an  agent  in  the  cohesion  of  the  metalling,  which  on  being 
displaced  will  convert  the  coating  of  metal  into  a  loose  mass  of  stones. 

No  doubt  this  objection  can  be  overcome  by  artificial  watering  when 
necessary,  a  matter  receiving  too  little  consideration  on  country  roads  at  the 
present  time.  This  will  cause  additional  expenditure  beyond  that  of 
present  requirements,  but  the  cost  of  providing  this  will  be  infinitesimal 
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compared  with  the  great  saving  effected  in  the  repair  of  roads,  which,  it  is 
confidently  expected,  will  take  place  hy  the  introduction  of  automobiles. 

611.  Comparisons  are  frequently  made  of  the  expenditure  of  maintaining 
roads  in  different  counties  and  districts  thereof.  In  making  these  com- 
parisons it  must  be  remembered  that,  unless  they  are  based  on  similar 
conditions,  the  results  are  of  little  value.  Variations  in  the  character  of  the 
soil  or  the  general  contour  of  the  country,  remoteness  from  quarries  where 
good  stones  may  be  had,  the  methods  adopted  in  procuring  and  applying  the 
macadam,  and,  at  the  same  time,  the  exceptional  traffic  due  to  the  industries 
of  particular  districts,  all  militate  against  uniformity  of  results.  Comparisons 
of  an  approximate  nature,  however,  can  be  made  when  certain  particulars 
are«  given,  such  as  the  average  annual  expenditure  per  mile,  amount  of 
material  applied  each  year,  and  the  cost  per  cubic  yard  or  ton  of  the  metal- 
ling. Tu  properly  analyse  the  cost  of  macadam  applied  per  ton,  it  is 
necessary  to  know  the  average  distance  it  is  hauled,  or  the  cost  of  transit, 
and  it  is  here  where  the  difficulty  arises,  as  no  statistics  exist  as  to  this 
particular  item.  Assuming,  however,  the  distance  to  be  the  same  whether 
the  metalling  is  furnished  by  the  aid  of  machinery  or  by  hand  labour,  then 
a  direct  comparison  between  the  two  methods  of  production  can  be  made, 
the  material  in  either  case  being  prepared  ready  to  be  conveyed  to  the  roads 
under  repair. 

Taking  the  average  cost  of  metalling  prepared  by  hand  labour  at  3s. 
per  ton,  and  that  for  obtaining  and  manufacturing  the  same  size  of  material 
by  mechanical  appliances  at  Is.  6d.  per  ton,  but  exclusive  of  haulage  (which 
would  be  practically  the  same  in  each  case),  shows  a  saving  of  50  per  cent, 
on  the  cost  of  production. 

If  the  average  quantity  of  metalling  applied  each  year  be  50  tons  per 
mile,  then  the  saving  on  that  length  of  road  would  be  £3,  15s.,  or, 
should  the  quantity  required  amount  to  100  tons  per  mile,  then  the  difference 
would  be  £7,  10s.  per  mile  in  favour  of  macadam  prepared  by  machinery. 
Thus  for  every  100  miles  of  road  the  saving  would  be  £375  for  the  former 
quantity,  and  £750  on  that  of  the  latter.  In  other  words,  in  a  county,  or 
district  of  a  county,  having  a  length  of  roads  extending  to  300  miles,  there 
would  be  an  annual  reduction,  in  the  cost  of  supplying  the  metalling,  of 
£1125  for  quarrying  and  breaking  when  50  tons  per  mile  are  applied,  and 
£2250  if  100  tons  be  the  allocation  per  mile  of  road  each  year.  If  the 
metalling  is  consolidated  by  rolling,  then  a  further  saving  is  effected  of  from 
25  to  30  per  cent,  of  the  price  of  the  macadam,  less  the  cost  of  rolling, 
compared  with  macadam  rolled  in  by  the  wheels  of  vehicles,  by  reason 
of  the  loss  caused  by  abrasion  during  the  long  process  of  consolidation. 

The  demand  which  existed  in  byegone  days  for  skilled  workmen  to  act 
as  foremen  in  applying  the  patches  of  metal  does  not  apply  to  any  extent 
when  the  work  is  carried  out  by  modern  methods,  so  that  the  objection 
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formerly  raised  in  many  districts  that  too  much  metal  and  too  little  labour 
are  used  is  a  thing  of  the  past.  The  subsequent  saving  in  labour  on  surface 
work,  when  the  methods  alluded  to  are  carried  out  in  their  entirety,  is 
shown  to  be,  on  an  average,  50  per  cent.,  where  the  annual  allocation  was,  on 
the  patching  system,  about  50  tons  per  mile.  Besides  these  financial 
benefits,  a  great  source  of  annoyance  and  danger  is  removed  by  the  absence 
of  loose  stones  on  the  surface  of  roads  which  are  efficiently  rolled,  while  mud 
and  dust  are  reduced  to  a  minimum. 

The  annual  cost  of  repairing  diiferent  roads  in  many  counties  in  England 
has  increased  considerably  since  the  initiation  of  the  County  Councils.  This 
is  attributable  in  most  instances  to  the  unsatisfactory  condition  in  which 
the  roads  were  at  that  time.  It  was  necessary  to  apply  a  greater  quantity 
and  better  description  of  metalling  at,  in  most  cases,  an  increased  cost  of 
production,  in  order  to  bring  them  into  a  satisfactory  state  of  repair.  This 
strengthening  process  has  been  taking  place  gradually,  and  years  may  elapse 
before  the  large  mileage  of  roads,  formerly  neglected,  will  be  placed  in  a 
state  of  repair  equal  to  that  of  the  roads  which  have  been  maintained  con- 
sistently in  good  order  for  many  years  past.  In  all  probability,  had  the 
combined  methods  of  producing  the  metalling  been  adopted,  the  roads  could 
have  been  strengthened  and  improved  in  surface  within  a  reasonable  time, 
and  certainly  at  less  expenditure. 

The  increased  cost  of  repair  alluded  to,  varying  from  6  to  90  per  cent.^ 
which  is  applicable  to  many  counties  in  England,  does  not  apply  to  the  roads 
in  Scotland  generally.  The  '  Road  Trustees,'  under  whose  management  the 
roads  were  prior  to  1879,  had  years  previously  given  practical  consideration 
to  efficient  and  economical  maintenance  by  sanctioning  the  introduction  of 
steam-rollers  and  labour-saving  appliances.  Any  increase  in  the  expenditure 
for  road  repairs  in  the  principal  counties  of  Scotland  has  been  brought  about 
by  the  greater  amount  of  vehicular  traffic,  which,  indeed,  may  be  said  to 
have  developed  to  an  enormous  extent  all  over  the  country  since  ths  abolition 
of  tolls,  but  especially  in  districts  where  the  roads  were  in  a  good  state  of 
repair. 

612.  With  reference  to  the  annual  expenditure  for  the  maintenance  of 
roads,  the  following  particulars,  in  tabulated  form,  show  the  cost  per  mile 
and  the  other  items  which  are  necessary  for  comparison,  so  far  as  can  be 
ascertained,  for  the  principal  counties  of  England  and  Scotland. 

Large  sums  of  money  are  voted  annually  by  the  Government  for  the  relief 
of  local  taxation. 

In  England  £3,339,517  was  received  from  the  Exchequer  for  this 
purpose  in  1897-98.  The  county  and  urban  roads  in  England  and  Wales 
extend  to  25,747  miles.  The  annual  expenditure  for  maintenance,  etc. 
of  main  roads  and  bridges,  including  payments  to  District  Councils^ 
amounts  to  £1,962,460.     The  county  main  roads  cost  £58,  and  those  in 
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Cost  of  maintenance  per  annum  of  roads  in  different   counties^    exclutdoe 
of  establishment  cJiarges, 


Gofitper 
mile  of  road. 

Metalling 

Cost  of 

Counties. 

applied 
per  mile. 

MeUUing 
per  ton. 

EVOLA.ND— 

Bedford  (1896-97) 

£39  16  11 

42 

11/6 

Buckingham  (1896-97) 

60    0    0 

44 

/ 12/-  granite 
\   4/- gravel 

Cumberland  . 

37    4    7 

Derby  (1896) 

72    8  10 

... 

... 

Hants  . 

31    0    0 

Kent     . 

112    0    0* 

Leicester 

66    0    0 

•  •• 

Northumberland 

87  13    0 

... 

Nottingham  . 

54    0    0 

... 

Norfolk 

32    0    0 

10/4 

Salop    . 

38    0     0 

... 

Somerset 

45  10    0 

Stafford 

75    0    0 

... 

Surrey  . 

90    0    0 

... 

Sussex  (E.)    . 

67    0    0 

... 

... 

W'arwick       ! 

50    0    0 

45     0    0 

66 

6/5 

Westmoreland 

27    0    0 

... 

Wiltshire      . 

48    0    0 

... 

Worcester 

50    0    Ot 

... 

... 

Yorks(E.R.) 

60    0    0 

,.     (N.R.) 

40    0    0 

... 

Scotland— 

Clackmannan 

, 

54     0    0 

93 

&/6 

Dnnbarton  (Eastern),  1899    . 

49    0    0 

99 

6/5 

(Western),  „      . 

34    0    0 

54 

6/« 

Fife  (Cupar     Division),  1899-1900 

18    0    0 

68 

8/2 

„    (St  Andrews    „    ),        „ 

23    6    0 

61 

4/5 

.,    (Kirkcaldy      „    ),        „ 
„    (Dunfermline  „    ),        „ 

34    7    0 

90 

4/9 

44    0    0 

82 

5/10 

Forfar  (Dundee  District),  1899 

32    0    0 

85 

4/3 

East  Lothian  (Eastern),  1899 

20    0    0 

41 

«/- 

(Western),  1899-1900 

29     0    0 

56 

6/6 

Midlothian  (Suburban ), 

98     0    O::: 

223 

6/1 

,,          (Lasswade), 

88  10    0 

79 

6/10 

(Calder). 

(Gala  Water),      „ 

34    0    0 

78 

5/8 

17    0    0 

39     - 

4/5 

Pprth    (Perth),    1899-1900  . 

27    0    0 

63 

4/2 

Renfrew  (Lower),        ,, 

81    0    0 

^^^ 

6/8 

Stirling  (Central),      „ 

23    0    0 

n\. 

6/8 

„      (Eastern),      „ 

86    0    0 

-J^ 

5/7 

Note. — ^The  expenditure  on  roads  previous  to  the  advent  of  the  Cou^l|^®""<^  "^^ 
the  employment  of  machinery  was  if  anything  greater  than  at  the  presenfli^^  '^^^ 
vehicular  traffic  has  increased  considerably,  the  value  of  rateable  subjects  has^^  ^ 
manufacturing  localities,  while  it  has  decreased  in  agricultural  districts. 

*  This  high  figure  is  due  to  the  heavy  traffic  and  densely-populated  areas  nea       i.^ 
Metropolis.  ^^ 

t  Near  Birmingham  the  cost  rises  to  £200  per  mile. 

X  The  expenditure  on  the  main  road  leading  east  of  Edinburgh  arerages  from  d£2a^ 
£450  per  mile  per  annum.  *** 


lear 
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urban  districts  £96  per  mile.     The  expenditure  for  management  amounted 
to  £509,512  in  the  year  1897-98. 

The  *  Grant  in  Aid,'  which  must  be  devoted  entirely  to  the  relief  of  the 
road  rates,  amounted  to  £35,000  for  Scotland  last  year.  The  '  Equivalent 
Grant,'  which  may  be  applied  to  the  relief  of  the  road  or  other  rates, 
amounted  to  £161,912  for  the  year  ending  15th  May  1899. 

The  extent  of  roads  under  the  jurisdiction  of  County  Councils  in  Scot- 
land amounts  to  22,337  miles,  and  entails  an  annual  expenditure  for  main- 
tenance of  £396,336,  and  for  management  £35,557  for  the  year  1897-98. 
This  is,  on  an  average,  an  annual  cost — for  maintaining  the  roads  classified 
as  highways— of  fully  £20  per  mile. 

The  allocation  fixed  for  each  county  and  the  districts  thereof  is  calculated 
on  the  expenditure  incurred  on  the  highways,  after  specified  items  have 
been  deducted,  so  that  in  districts  where  repairs  of  the  roads  are  carried 
out  on  the  old  and  costly  methods  of  procuring  the  metalling  by  hand 
labour,  applying  it  in  patches  and  allowing  the  traffic  to  consolidate 
them,  receive  comparatively  the  largest  grant.  These  methods  of  carrying 
on  the  work,  therefore,  are  at  present  indirectly  encouraged  by  the 
Government,  and  not  allocated,  as  they  should  be,  according  to  results. 
It  may  therefore  be  anticipated  that  sooner  or  later  something  in  the  nature 
of  Government  inspection  of  the  highways  will  take  place. 

The  most  suitable  description  of  paving  material  for  carriageways  is, 
under  existing  and  prospective  conditions  of  traffic,  that  which  makes  an 
impervious  pavement,  and  is  durable  and  smooth,  while  the  absence  of 
slipperiness,  particularly  for  horses,  is  of  considerable  importance.  Asphalte 
complies  with  all  these  requirements,  except,  perhaps,  slipperiness  when  the 
surface  of  the  pavement  becomes  greasy  through  not  being  thoroughly 
washed  and  cleansed.  This  consideration  will  entirely  disappear  should 
automobiles  supersede  animal  power,  as  they  no  doubt  ultimately  will  do 
for  traction  purposes,  when  the  droppings  inseparable  from  horses  traversing 
the  thoroughfares,  which  go  to  make  a  greasy  surface,  will  be  minimized ; 
therefore  the  sanitary  condition  of  roads  and  streets  will  be  considerably 
improved,  while  repairs  to  the  pavements  or  road  covering  will  be  materially 
reduced,  and  economy  effected. 

613.  Congestion  of  Traffic  in  ThoroiighfareB. — The  enormous  increase 
of  vehicular  traffic  in  our  cities  is  a  problem  which  is  exercising  the  minds 
of  engineers  and  others.  It  has  been  remarked  (and  no  doubt  there  appears 
to  be  some  evidence  for  the  statement),  that  the  introduction  of  motor  cars 
will  to  a  certain  extent  alleviate  the  congestion  in  busy  thoroughfares,  by 
reason  of  the  longitudinal  distance  monopolized  by  each  unit  of  traffic 
being  reduced  by  50  per  cent  compared  with  the  present-day  vehicles  and 
J\  horses  harnessed  thereto.     It  must  be  borne  in  mind,  however,  that  the 

mtroduction  of  motor  vehicles  will  cheapen  the  cost  of  transit  of  most 
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commodities ;  consequently,  it  may  be  reasonably  expected  to  have  a  bene- 
ficial influence  on  certain  articles  of  commerce  which  at  present  cannot  be 
profitably  conveyed  by  team  labour.  This  points  to  an  increased  traffic  by 
reason  of  the  reduced  cost  of  haulage,  and  practically  leaves,  as  at  the  present 
time,  the  widening,  rearrange  men  t^  and  construction  of  new  thoroughfares 
the  pressing  problem  it  has  been  for  years  past. 

With  reference  to  the  congestion  of  street  traffic  in  the  Metropolis,  some 
observations  on  the  scheme  advocated  by  Sir  J.  Wolfe  Barry  in  his  paper  on 
"  The  Internal  TraflSc  of  London  "  may  be  given.  The  proposals  in  that  paper 
are  intended  to  relieve  certain  districts  in  the  Metropolis  of  the  delays  experi- 
enced at  present  by  business  men  generally,  and  the  loss  of  time  or  the  earn- 
ing value  of  conveyances  that  take  place  in  many  thoroughfares  almost  hourly. 

*'  In  the  matter  of  street  improvements  in  London  also,  one  cannot  but 
notice  an  almost  entire  absence  of  grasp  of  a  large  subject,  and  in  the 
history  of  the  past  forty  years  we  look  iu  vain  for  any  new  arterial 
thoroughfares  traversing  inner  London  from  end  to  end,  and  proportioned  in 
width  to  the  demands  upon  them  at  different  parts  of  their  route.  On  the 
contraiy,  we  find  in  the  new  streets,  as  in  the  old  ones,  that  the  nearer  they  are 
to  the  heaviest  of  the  traffic,  the  narrower  they  were  in  absolute  dimensions. 
Cheapside,  Fleet  Street,  Piccadilly;  the  Strand,  Marylebone  and  Euston 
Roads  remain  very  much  as  they  were  fifty  years  ago,  when  the  traffic 
was  a  mere  fraction  of  what  it  is  now  ....  most  at  least  of  modern  street 
improvements  seemed  piecemeal  and  patch-work  enterprises,  narrowed  to 
the  very  least  dimensions  which  would  pass  muster,  and  without  any  but 
the  most  meagre  provision  for  the  future,  or,  except  iu  the  case  of  Regent 
Street,  the  slightest  attempt  at  systematic  artistic  treatment  In  fact, 
there  had  been  and  is  now  a  hitherto  incurable  peiUesse  in  dealing  with 
such  matters  in  London,  which  is  a  great  contrast  to  what  we  saw  in 
foreign  cities  of  far  less  importance  and  wealth  ....  It  is  to  be  carefully 
borne  in  mind  that  the  want  of  accommodation  for  trafi&c  in  London  streets 
is  not  merely  a  question  of  grumbling  of  those  who  suffered  from  it,  bat 
involves  many  other  considerations  ....  such  as  loss  of  money  in  the 
delays  of  men  of  business,  loss  of  time  to  vehicles  and  horses,  the  practical 
impossibility  of  introducing  cheaper  and  more  expeditious  means  of  transit, 
like  electric  trams,  and  the  great  want  of  free  circulation  of  air.  My  plea 
is,  then,  that  to  meet  the  traflSc  of  London,  what  is  wanted  is  not  so  much 
additional  railways,  underground  or  overground,  traversing  the  town  and 
connected  with  the  suburbs,  but  wide  arterial  improvements  of  the  streets 
themselves.  Strictly  urban  railways,  or  rather  trains  that  only  traverse 
the  town  itself,  though  carrying  immense  numbers  of  passengers,  have  not 
dealt  with  the  question  and  will  not  produce  the  desired  result  of  relieving 
the  streets ;  on  the  contrary,  they  tend  to  add  to  the  congestion  from  the 
point  of  view  of  both  urban  movement  and  suburban  influx  ....  street 
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improvements  in  London  should  be  considered  as  a  whole  and  in  a  large 
minded  way,  unless  we  are  to  be  doomed  to  perpetual  disappointment.  A 
scheme  of  new  main  thoroughfares,  of  adequate  width  for  present  and  future 
traffic,  should  be  laid  down,  and  realized  as  time  and  finance  will  permit 
There  should  be  continuity  of  effort  towards  radical  amelioration  by  the 
construction  of  great  main  lines  of  through  communication  as  distinguished 
from  merely  local  improvements,  and  all  local  improvement  should,  as  we 
have  seen  was  the  case  in  Paris  and  other  foreign  cities,  be  so  devised  as  to 
form  parts  of  a  harmonious  whole.  Apart  from  wide  streets,  a  matter  which 
has  been  too  much  lost  sight  of,  is  the  provision  of  means  for  allowing  the 
north  and  south  traffic  to  cross  the  east  and  west  traffic  with  the  least  possible 
confusion.  If  these  views  of  the  future  requirements  are  correct,  we  want,  in 
my  opinion,  one  new  and  spacious  thoroughfare  east  and  west,  about  120  feet 
wide— that  is  to  say,  as  wide  as  Whitehall  opposite  the  Horse  Guards.  .  .  . 
Leaving  the  Bayswater-road  near  Westbourne-terrace,  following  the  line  of 
Wigmore-street  to  Russell-square  behind  the  British  Museum,  thence  to  near 
Broad-street  station.  In  addition,  there  should  be  two  or  three  thorough- 
fares north  and  south,  slightly  less  in  width,  which  should  be  carried  over 
the  east  and  west  route  by  bridges  at  the  points  of  intersection ;  and  all 
these  new  routes  should  have  a  raised  or  sunken  road  for  bicycles,  so  that  they 
should  not  mix  either  with  vehicular  or  pedestrian  traffic.  The  cost  of  such  a 
work  doubtless  presented  rather  an  alarming  prospect,  for  a  street  120  feet 
wide  and  4  or  5  miles  long  must  mean  many  millions  of  money,  though  the 
recoupment  from  the  new  frontages  would  be  very  important.  Such, 
however,  is  the  kind  of  undertaking  required  for  the  London  of  the  future^ 
The  heavy  expenditure  should  not  affright  us,  for  it  would  be  repaid  by  the 
increased  facilities  both  for  trade  and  pleasure  ....  I  cannot  but  think 
that  the  relief  of  the  present  congestion  of  our  streets  by  a  well  considered 
enlargement  of  the  arteries  of  London  is  a  subject  whidi  must  commend 
itself  as  of  primary  importance  to  the  whole  city,  nay,  more,  to  the  whole 
nation." 

This  great  thoroughfare  from  west  to  east,  including  subsidiary  con- 
nections, would  be  5^  miles  in  length  The  proposals  of  Sir  John  W.  Barry 
included  special  provision  at  six  main  points  for  dealing  with  the  cross 
traffic,  and  these  are  as  follows : — 

"  (1)  Hyde  Park  Comer.— In  this  case  the  west  and  east  traffic  would  pass 
under  the  stream  of  traffic  going  north  and  south  by  means  of  a  broad 
sunken  road,  leaving  the  Knightsbridge-road  on  the  north  side,  and  rejoining 
Piccadilly  on  the  south  side.  A  strip  of  land  of  an  area  of  3'1  acres  would 
be  required  from  Hyde  Park  and  from  the  Oreen  Park,  and  practically  no 
buildings  would  be  affected.     It  would  consequently  be  a  cheap  undertaking. 

"(2)  PtccadiUy-circiu. — This  is  a  much  more  difficult  and  a  highly 
expensive  work.     The  north  and  south  traffic  would  cross  under  the  west  and 
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east  traffic  by  meaDS  of  a  central  Bunken  road  descending  from  the  north  end 
of  the  Begent-street  quadrant,  opposite  Vigo-street,  passing  under  PiccadiUy- 
ciicus  and  emerging  in  the  Haymarket,  the  portion  under  Piccadilly-circus 
and  Coventry-street  being  in  tunnel  for  a  length  of  some  180  yards,  with 
openings  for  light  and  air. 

'*  (3)  Ludgate-hilL — In  this  case  the  north  and  south  traffic  would  be 
crossed  over  the  east  and  west  stream  by  means  of  a  low  viaduct  and  bridge. 
The  natural  way  of  dealing  with  this  crossing  would  be  to  cross  the  east  and 
west  lines  over  the  north  and  south,  as  the  gradients  of  Fleet-street  and 
Ludgate-hill  lend  themselves  to  that  arrangement.  But  the  railway  bridge 
across  Ludgate-hill  necessitates  the  other  plan  of  crossing,  unless  a  very 
formidable  work,  somewhat  like  the  Holbom  viaduct,  were  undertaken, 
which,  apart  from  cost,  would  no  doubt  be  a  better  mode  of  dealing  with  the 
traffic,  and  would  have  the  great  advantage  of  avoiding  the  inclines  of 
Ludgate-hill  and  Fleet-street.  Setting  this  aside  for  the  moment  as  too 
expensive,  and  dealing  with  the  more  modest  scheme  of  crossing  the  north 
and  south  traffic  over  Fleet-street,  the  proposed  viaduct  would  leave  New 
Bridge-street  on  the  west  side  and  join  Farringdon-street  on  its  west  side. 
It  would  involve  interference  with  a  certain  amount  of  valuable  property, 
but  the  existing  frontages  would  be  to  a  great  extent  preserved,  and,  of 
course,  new  frontages  would  be  created  .... 

"  (4)  Oxford-street  and  the  south  end  of  Tottenham  Court-road, — At  this 
place  the  west  and  east  traffic  would  cross  over  Tottenham  Court-road  on 
the  north  side  of  Oxford-street.  The  properties  are  not  extremely  valuable, 
as  it  would  be  possible  to  avoid  the  Oxford  Music  Hall  and  other  important 
buildings  fronting  Oxford-street  by  keeping  the  new  high-level  road  about 
150  feet  to  the  north.  The  gradients  might  involve  the  raising  of  the  level 
of  Oxford-street  opposite  Bathbone-place  some  2  or  3  feet;  otherwise,  uo 
considerable  difficulties  would  be  encountered. 

"  (5)  WelUngUm-streety  Strand, — In  this  case  the  crossing  ought  to  form 
part  of  the  present  scheme  of  the  London  County  Council  for  their  new 
street  to  Holbom,  if  it  is  to  be  a  really  successful  work.  The  gradient  of 
Wellington-street  clearly  indicates  that  the  north  and  south  traffic  should 
cross  over  the  Strand.  With  the  exception  of  the  Lyceum  Theatre,  the  prop- 
erty is  not  specially  valuable.  The  County  Council  do  not  think  much  of 
theatres,  for  they  are  going  to  acquire,  as  above  indicated,  four  in  connection 
with  the  street  to  Holbom  and  Strand  improvement.  The  crossing  street 
would  ascend  from  the  comer  of  Tavistock-street  and  Wellington-street  by 
easy  gradients,  keeping  to  the  west  side  of  the  latter  street,  and  descend  by  a 
grade  of  1  in  30  to  rejoin  Wellington-street  at  the  north  end  of  Waterloo 
Bridge. 

"  (6)  TJie  passing  of  the  north  approach  of  SoutJmark  Bridge  over  Upper 
Thames-street, — This  is  a  work  which  speaks  for  itself,  and  presents  no 


RECAPITULATION.  419 

serious  difficulties.  The  crossing  street  would  continue  the  level  of  the  north 
end  of  Southwark  Bridge  and  would  be  parallel  to  and  to  the  east  of 
Queen-street,  descending  to  rejoin  the  existing  level  at  the  corner  of 
Cannon-street  and  Queen-street/' 

The  cost  of  these  improvements  would  amount  to  a  considerable  sum, 
but  the  value  of  the  new  frontages  created  would  in  course  of  time  be  such 
as  to  relieve  the  ratepayers  of  any  ultimate  financial  burden. 

The  inconvenience  sustained,  expressed  in  money  on  the  one  hand,  or 
the  saving  which  would  be  effected  annually  by  the  inhabitants  of  London 
by  the  proposed  improved  communication  on  the  other  hand,  has  been 
worked  out  in  detail.  The  statistics  obtained  by  Sir  John  W.  Barry  as  to 
the  delays  to  all  descriptions  of  traffic  consisted  of  the  enumeration  of  vehicles 
passing  along  some  of  the  principal  thoroughfares.  The  results  of  these 
are  as  follows: — "The  coQntings  on  which  the  financial  value  is  based 
were  taken  in  October  1898.  It  is  found  that  in  one  hour  992  vehicles 
passed  Gheapside,  1228  the  Strand,  1497  Piccadilly,  and  661  Tottenham 
Court-road,  the  number  of  pedestrians  varying  from  3910  at  Piccadilly  to 
6358  at  Cheapside.  Similarly,  it  was  found  by  another  enumeration  that 
the  number  of  omnibuses  varied  from  384  an  hour  at  Cheapside  to  487  at 
the  junction  of  Oxford-street  and  Tottenham  Court-road.  It  might  thus 
be  assumed  that  on  these  four  routes  there  was  an  hourly  traffic  during  the 
working  part  of  the  day  of  1750  omnibuses,  1500  cabs  and  carriages,  and 
1000  carts.  Taking  an  average  of  nine  hours  a  day  as  the  period  during 
which  three  of  the  routes  were  overcrowded,  and  in  the  case  of  Piccadilly 
allowing  eleven  hours,  the  fact  was  arrived  at  that,  on  these  four  routes  only, 
16,650  omnibuses,  14,900  cabs  and  carriages,  and  9700  carts  and  other 
vehicles  were  every  day  delayed  by  the  crowded  state  of  the  streets.  The 
absolute  amount  of  retardation  presents  some  difficulty,  but  from  observa- 
tions it  is  found  that  in  different  parts  of  the  four  main  streets  alluded  to 
it  varied  from  10  per  ceat.  to  44*8  per  cent.,  as  compared  with  the  speed  in 
unimpeded  parts.  Therefore,  I  consider  that  20  per  cent  would  be  an 
under-estimate  of  the  retardations  on  these  routes.  Assuming  the  value  of 
the  time  of  vehicles  to  be  4s.  an  hour  for  an  omnibus,  2s.  6d.  an  hour 
for  a  cab,  and  2s.  for  a  cart,  and  reckoning  ten  passengers  in  each  omnibus 
at  9d.  an  hour,  one  and  a-half  passengers  per  cab  and  private  carriages  at 
3s.  an  hour,  it  would  appear  that  the  traffic  on  these  four  streets  involves 
£1631  an  hour;  hence  a  delay  of  20  per  cent  meant  a  loss  in  respect  of 
vehicular  traffic  only  of  £880,740  per  annum.  The  traffic  of  the  Euston- 
road  and  Queen  Victoria-street,  if  we  are  to  include  the  chief  east  and 
west  routes,  might  be  put  at  15  per  cent,  of  the  above  figures,  while  the 
traffic  delayed  in  crossing  these  four  chief  routes  might  be  taken  at  20  per 
cent,  of  the  figures  for  the  east  and  west  streams.  As  to  a  pedestrian  traffic 
(25,514  individuals  in  all  per  hour  in  the  four  streets  under  consideration). 
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I  come  to  the  conclusion  it  is  delayed  one-third  as  much  as  vehicxilar 
traffic,  or  6*6  per  cent.,  and  if  4d.  an  hour  for  each  indiyidual  were  assumed, 
we  arrive  at  an  annual  loss  of  £65,000,  allowing  for  females  and  non-wage 
earning  persons. 

"To  sum  up,  therefore,  the  annual  loss  on  the  various  routes  discussed 
was:  Trade  interests,  £900,000;  vehicular  traffic,  £1,189,000;  pedestrian 
traffic,  £65,000;  total,  £2,154,000.  I  do  not  pretend  these  figures  could 
be  more  than  an  attempt  to  express  in  money  the  inconvenience  sustained 
by  Londoners  through  narrow,  overcrowded  streets,  and  I  should  not  hare 
attempted  to  estimate  the  money  value,  except  for  the  purpose  of  seeing 
something  of  the  relation  between  capital  and  revenue.  That  a  very  large 
amount  of  money  is  being  wasted  will  not  be  denied,  nor  can  it  be  doubted  that 
the  loss  was  getting  worse  and  worse  every  year.  But,  neglecting  this  con- 
sideration and  capitalizing  the  present  loss,  whatever  its  true  figures  might 
be,  at  thirty  years'  purchase,  we  can  see  that  many  more  millions  of 
expenditure  in  improving  the  facilities  for  traffic  on  the  north  side  of  the 
Thames  than  I  have  estimated  would  be  commercially  justifiable.  I  feel 
sure  that  this  is  taking  a  low  view  of  the  financial  aspect.  Impediments  to 
trade  could  not  be  appraised  by  merely  taking  the  value  of  vehicles,  horses, 
and  drivers,  and  the  wages  and  salaries  of  passengers^  and,  besides,  there 
were  many  other  matters  which  I  have  left  out  of  account,  such  as  the 
impossibility  of  tramways,  the  danger  to  bicycle  traffic,  the  safety  of 
travellers,  and  all  the  aesthetic  considerations  and  influence  on  pleasure 
traffic  which  our  continental  neighbours,  at  least,  value  highly,  and  for 
which  they  made  streets  and  boulevards  that  utterly  shame  the  meanness  of 
London  thoroughfares."  * 

614.  Viagraph. — The  viagraph  is  an  instrument  for  taking  an  autograph 
record  of  road  and  carriageway  suiiaces.  It  is  the  invention  of  Mr.  J.  Brown, 
Belfast,  and  by  its  use  valuable  information  of  a  reliable  nature  may  be 
obtained  of  the  comparative  unevenness  of  road  surfaces  under  varying  con- 
ditions of  traffic,  and  those  which  are  repaired  with  different  descriptions  of 
material,  and  by  different  method& 

The  viagraph  is  in  principle  a  straight-edge  about  12  feet  long  and 
9  inches  wide,  applied  continuously  to  the  road  surface,  along  which  it  is 
drawn.  The  main  frame  contains  an  apparatus  for  recording. on  paper  a 
profile  of  the  road  surface  tested,  and  the  sum  of  unevenness  is  indicated  by 
a  numerical  index.  A  lever  pivoted  to  the  main  frame  carries  on  its  free 
end  a  serrated  wheel  (road  wheel)  which,  when  in  operation,  rises  and  falls 
over  all  the  irregularities  of  the  surface.  These  movements  of  the  road 
wheel  are  transmitted  by  means  of  a  lever  and  link  to  a  pencil  which  records 
their  motions  autographically  on  the  paper  passing  round  the  recording 
drum.  The  paper  on  which  the  profile  is  made  is  carried  under  the  profile 
•  Jourml  of  the  Society  of  Arts,  Nov.  1898  and  Nov.  1899. 
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pencil  and  round  the  recording  drum  by  means  of  a  worm  and  wheel  which 
rotates  it  and  is  connected  by  a  shaft  and  bevel  gear  with  the  road  wheel. 
The  paper  is  thus  drawn  from  the  stock-roll  drum,  passed  round  the  recording 
one,  and  is  wound-up  on  a  receiving  drum. 

The  datum  line  or,  in  other  words,  the  position  of  the  lower  part  of  the 
straight-edge  or  runners  in  relation  to  the  portion  of  the  road  surface 
situated  between  the  parallel  edges,  is  represented  by  a  second  pencil  line, 
which  corresponds  approximately  with  the  point  of  the  profile  tracing  pencil. 
The  closer  the  position  of  these  two  points  or  lines  is,  the  more  perfect  will 
the  road  surface  be. 

The  sum  of  the  depths  of  all  these  depressions  constitutes  the  numerical 
index  of  unevenness.  This  is  shown  by  an  index  counter,  which  is  operated 
by  cords  and  rubber  bands  running  in  grooved  pulleys,  and  properly  fixed 
to  the  lever  on  the  road  wheel,  which,  in  following  a  depression  or  other 
irregularity  of  the  surface  of  a  road,  rotates  a  small  wheel,  the  movement 
being  transmitted  to  the  index  counter  and  there  recorded. 

For  the  purpose  of  comparing  one  section  of  a  road  with  another,  it  is 
obviously  necessary  that  the  same  unit  of  length  be  adopted,  which  will  give  in 
feet  per  mile  the  sum  of  the  irregularities.  The  length  of  road  for  these  tests 
is  fixed  at  88  yards,  being  ^  of  a  mile,  and  according  to  the  scale,  33  inches 
of  paper  are  run  ofif  in  obtaining  the  profile,  and,  by  an  arrangement  in  the 
recording  drum,  a  bell  rings  when  that  distance  along  the  road  has  been 
traversed. 

It  is  unnecessary  to  cut  off  the  diagram  sheet  when  one  autograph  record 
has  been  made,  a  vertical  line  drawn  with  a  distinctive  mark  being  all  that 
is  required.  Any  number  of  profiles  can  therefore  be  made  in  a  continuous 
manner  during  one  or  more  days'  operations,  and  by  reference  to  the  field 
book  the  particular  section  can  be  identified,  when  the  sum  of  unevenness 
can  be  marked  on  each. 

The  autograph  record  is  represented  on  the  paper  full  size  vertically  and 
on  a  scale  of  ^  inch  to  one  foot  horizontally.  The  cost  of  this  instrument 
is  £21  complete  in  case  with  glass  cover. 

It  is  possible  to  get  a  good  profile  by  the  viagraph  on  a  road  maintained 
in  a  very  ordinary  manner  by  selecting  the  best  portions  of  the  surface  and 
deviating  from  a  straight  line.  The  small  width  of  the  viagraph  practically 
limits  the  profile  to  the  narrow  track  over  which  it  traverses. 

To  obtain  reliable  data  as  to  the  condition  of  a  road  surface  the  viagraph 
must  be  used  in  an  intelligent  manner,  and  to  arrive  at  an  average  figure 
representing  the  unevenness,  it  is  necessary  to  take  two,  three,  or  more 
diagrams  parallel  to  each  other  along  the  road  at  a  fixed  or  definite  distance 
apart.  These  points,  both  for  starting  and  finishing,  should  be  measured 
and  noted  so  that  profiles  can  be  taken  from  time  to  time  in  exactly  the 
same  line  as  the  previous  ones.     Unless  a  number  of  autographic  records  are 
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taken,  parallel  to  each  other,  along  a  road  to  arrive  at  au  average,  especiaily 
when  a  portion  of  the  surface  transversely  is  considerably  worn,  it  is  possible 
to  get  very  variable  resolts,  and  consequently  remarkable  differences,  in  the 
profile  of  a  road  of  nominally  the  same  character. 

It  is  necessary  to  affix  the  date  and  year  on  the  diagrams  along  with  a 
note  and  measurements  signifying  at  what  particular  part  of  the  roadway  the 
profile  has  been  obtained.  This  not  only  avoids  confusion,  but  gives  a 
reliable  diagram  showing  the  profile  and  the  amount  of  unevenness  per  mile 
of  road  at  a  glance.  The  time  occupied  in  operating  the  viagraph  migbt  be 
urged  against  its  use,  but  in  these  days  when  perfection  in  road  surfaces  is 
demanded,  it  appears  desirable  that  records  of  a  definite  nature  should  be 
collated. 

It  has  been  remarked  that  the  condition  of  a  road  can  usually  be  deter- 
mined by  sight  or  otherwise,  and  while  this  is  true  so  far,  still  it  is  of  a 
transitory  nature  and  no  definite  or  positive  results  are  attainable  withoat 
the  aid  of  the  viagraph.  Opinions  as  to  the  state  of  roads  often  differ,  and 
disputes  often  arise  from  the  same  cause,  so  that  the  instrument  will  in  all 
probability  serve  a  good  purpose  in  enabling  such  differences  to  be  settled. 
Especially  would  this  be  the  case  when  the  maintenance  of  roads  is  executed 
by  contractors  or  where  main  roads  are  repaired  by  Urban  Councils  on  pay- 
ment from  the  respective  counties,  in  which  cases  the  opinions  of  those 
interested  vary  so  greatly.  Not  only  iu  these  particular  instances,  but 
in  controverting  complaints,  the  viagraph  promises  to  have  a  good  future 
before  it. 

An  accessory  to  the  viagraph,  and  working  much  on  the  same  principle,  for 
taking  transverse  sections  of  a  road  surface,  would  be  of  great  value  to 
surveyors.  If  such  an  instrument  could  be  devised  to  record  autographically 
in  inches  the  contour  and  irregularities  of  the  surface  of  a  road  transversely, 
such  an  invention  would  probably  be  of  greater  assistance  to  those 
engaged  on  road  work  than  the  longitudindal  profiles  obtained  from  the 
viagraph. 

In  working  the  viagraph  it  is  necessary  to  have  a  sufficiently  long  piece  of 
twine  attached  to  the  front  end,  so  that  the  man  in  hauling  the  instrument 
along  does  not  lift  the  point,  which  would  otherwise  be  the  case,  and  cause 
it  to  follow  a  serpentine  course,  and  thereby  represent  an  incorrect  autograph 
record  of  the  road  surface. 

Like  the  other  tests  for  efficiency  connected  with  road  work,  and  for 
comparison  generally,  it  would  be  necessary  to  establish  a  standard  of 
excellence  from  the  results  obtained  by  the  use  of  the  viagraph. 

In  the  author's  opinion,  after  experience  gained  in  working  this 
instrument  over  many  miles  of  road  and  under  varying  circumstances,  a 
standard  of  fitness  or  smoothness  of  15  feet  of  unevenness,  or  variation  from 
a  regular  plane,  per  mile  of  road  might  be  safely  adopted.     This  might  be 
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fairly  considered    equal  to    bicycle    excellence,   and    at    the  same    time 
considered,  as  an  average,  the  standard  surface  for  macadamized  roads. 

Proceeding  to  fix  the  numerical  value  so  as  to  embrace  all  conditions  of 
road  surfaces,  the  following  might  be  adopted  for  general  use: — 


Numerical  Index  of  Uneyenness 
in  Feet  per  Mile. 

Condition  of  Road 
Surface. 

15, 

80, 

45, 

60, 

80  to  100,      .... 

Excellent. 

Good. 

Fair. 

Passable. 

Bad. 

With  reference  to  the  actual  profiles  of  macadamized  road  surfaces  and 
the  amount  of  unevenness  on  those  tested,  the  following  information  may 
be  given. 

Victoria  EmbankmefU, — The  autograph  record  of  this  thoroughfare  was 
carried  oat  between  the  Temple  railway  station  and  Temple  Gardens ;  the 
amount  of  unevenness,  at  the  time  when  the  test  was  made,  being  at  the 
rate  of  102  feet  per  mile.  A  portion  of  the  profile  is  shown  in  fig.  135;* 
the  vertical  depths  are  fall  size  while  the  horizontal  lengths  are  represented 
on  the  scale  of  ^  inch  to  one  foot. 

This  road  is  usually  in  a  very  unsatisfactory  state  of  repair,  so  that  the 
autograph  record  representing  the  profile  and  amount  of  irregularity  of  the 
surface  will  not  appear  extraordinary,  nor  will  it  surprise  those  who  have 
travelled  over  it  by  any  of  the  usual  modes  of  conveyance. 

Leatherhead  and  Guildford. — This  is  an  example  of  a  road  surface  which 
is  considered  almost  perfect ;  it  was  tested  by  the  viagraph  on  the  recom- 
mendation of  Mr.  Shipton  (Secretary,  Cyclists'  Touring  Club)  as  an  ideal 
road  for  cyclists.  The  sum  of  unevenness  on  this  road  amounts  to  from  12 
to  14  feet  per  mile ;  the  profile  of  the  surface  is  shown  in  fig.  136. 

These  two  autograph  records  distinctly  show  in  a  graphic  manner  the 
remarkable  difference  which  may  exist  upon  the  surface  of  different  roads 
and  even  on  lengths  of  the  same  road. 

The  author  has  taken  namerous  profiles  of  road  surfaces  by  means  of  the 
viagraph  on  different  descriptions  of  macadamized  roads,  and  the  results  of 
these  indicate  in  a  very  decided  manner  the  advantages  of  steam-rolling  in 
effecting  a  regular  and  smooth  surface.  Admittedly,  this  is  generally 
recognized,  but  the  convincing  manner  in  which  the  state  of  the  surface  of 
roads  is  shown  by  the  autograph  records  and  its  graphic  evidence  on  the 
subject  also  point  out  the  relative  merits  of  the  different  systems  adopted  of 
repairing  them  in  any  district. 

*  Taken  from  Specification^  Sept.  1899. 


424  ROAD   MAKING  AND  MAINTENANCE. 

Road  A. — Fig.  137  shows  the  profile  of  a  section  of  road  situated  on  a 
level ;  the  record  of  irregolarity  or  onevenness  of  the  surface  from  a  true 
plane  is  at  the  rate  of  9  feet  per  mile.  This  is  the  hest  average  record  yet 
obtained  by  the  author  by  the  use  of  the  viagraph.  It  may  be  mentioned, 
however,  that  the  material  composing  the  crust  of  the  old  road  was 
scarified,,  lifted,  and  screened,  a  fresh  coat  of  metalling  3  inches  deep  was 
then  applied  and  the  serviceable  stones  of  the  screened  material  spread  over 
this  after  the  new  coating  was  partially  set  by  the  passage  of  the  roller. 
The  road  was  finished  in  the  way  described  in  Chaps.  YII.  and  YIII.  The 
profile  was  taken  one  month  after  the  road  was  rolled,  and  the  result  as 
indicated  is  an  average  of  ^ve  different  autographs  run  parallel  along  the 
road,  the  full  width  operated  on  being  18  feet. 

Hoad  B» — The  record  of  unovenness  on  this  road  situated  on  a  gradient 
of  1  in  30,  with  medium  traffic,  was  12  feet  per  mile  six  months  after  it 
was  rolled. 

Road  C. — Fig.  138  shows  the  profile  of  a  road  having  a  gradient  of  1  in 
40.  The  autograph  record  was  taken  one  year  after  the  road  was  rolled ;  the 
unevenness  amounted  to  16  feet  per  mile.  The  wheel  traffic  on  this  road  is 
particularly  heavy  at  certain  periods  of  the  year. 

Road  D, — ^This  is  a  practically  level  road  resting  on  a  clay  subsoil  and 
repaired  with  material  of  a  tough  nature  but  deficient  in  hardness,  otherwise 
a  soft  description  of  macadam. 

This  road  was  steam-rolled  as  in  the  previous  instances ;  it  showed  by 
the  viagraph  an  amount  of  unevenness,  after  four  years'  wear  by  heavy  wheel 
traffic,  equal  to  55^  feet  per  mile.  It  is  about  to  be  repaired  again  by 
applying  a  superior  description  of  metalling,  although  at  comparatively  great 
cost,  and  steam-rolling  the  coating. 

Road  E, — This  is  a  traffic-consolidated  road,  a  profile  of  which  is  shown 
in  fig.  139  ;  the  sum' of  unevenness  is  at  the  rate  of  41  f  feet  per  mile,  which 
amount  of  irregularity  would  have  been  considered  years  ago,  and  previous 
to  the  introduction  of  steam-rollers,  a  first-class  road  surface. 

The  following  particulars  may  be  mentioned  with  reference  to  a  portion  of 
road  which  had  a  service  of  eight  years  after  being  rolled ;  last  year  it  was 
re-coated  and  rolled  a  second  time.  This  unfortunately  was  done  somewhat 
late  in  the  season  (namely,  the  beginning  of  November  1899).  The  auto- 
graph record  of  the  old  surface  gave  a  sum  of  unevenness  of  50  feet  per  mile, 
while  immediately  after  coating  and  rolling,  and  drawing  the  viagraph  over 
the  same  part  of  the  road,  the  amount  of  uueveuuess  was  at  the  rate  of  13} 
feet  per  mile.  The  metalling  was  then  in  a  somewhat  green  state,  and  when 
in  that  condition  was  subjected  to  frost  which  continued  for  some  days. 

In  endeavouring  to  prove  numerically,  what  is  so  well  known  from 
observation,  that,  under  the  conditions  mentioned  or  where  a  road  rests  on  a 
wet  or  damp  subsoil,  the  effect  of  alternating  frost  and  thaw  materially  alters 
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the  surface  of  a  road,  even  when  it  had  formerly  a  smooth  and  regular 
contour :  In  this  instance  the  sum  of  unevenness  rose  to  an  amount  which 
was  equal  to  45  feet  per  mile;  the  effect  of  the  frost  was  such  that  it 
penetrated  the  full  thickness  of  the  coating,  or  a  depth  of  4  inches.  The 
surrounding  ground  was  perfectly  dry,  so  that  the  effect  mentioned  was  due 
entirely  to  moisture  (through  the  artificial  watering)  which  the  metal  coating 
contained  immediately  after  being  rolled.  After  thaw  set  in,  the  roller  was 
repeatedly  passed  over  this  portion  of  the  road  to  fix  the  metalling  which 
had  been  displaced  and  loosened  by  the  combined  action  of  the  frost  and 
the  hoof  and  wheel  traffic.  The  viagraph  was  drawn  over  the  surface  at  the 
same  spot  after  the  new  coating  was  dry  and  in  a  hard  state.  The  record  of 
unevenness  then  amounted  to  22  feet  per  mile. 

These  results  summarized  are  as  follows : — 

Road  surface  previous  to  being  metalled  and  rolled,  50  feet  of  unevenness 
per  mile. 

Road  surface  after  coating  and  rolling,  I3|  feet  of  unevenness  per  mile. 

Road  surface  after  coating  and  rolling  but  affected  by  frost  when  in  a 
moist  condition  (frost  penetrated  full  depth  of  coating),  45  feet  of  unevenness 
per  mile. 

Road  surface  after  thaw,  the  surface  being  rolled  again,  22  feet  of  uneven- 
ness per  mile. 

This  clearly  shows,  and  in  a  conclusive  manner,  what  may  be  expected 
from  the  effects  of  frost  acting  on  the  crust  of  a  road  covering  which  is 
either  of  itself  in  a  moist  state,  or  when  the  drainage  is  defective.  It 
may  appear  strange,  but  nevertheless  the  peculiarity  is  amply  borne  out  in 
practice,  that  consolidated  coatings  of  metal,  not  thoroughly  dried  before  the 
advent  of  frost,  will  considerably  alter  the  actual  contour  and  regularity  of  a 
road  surface  which  was  previously  a  well-fiuished  piece  of  work.  Further, 
the  road  cannot  be  restored  to  its  original  state  even  by  additional  rolling ; 
the  only  means  of  accomplishmg  this,  but  it  appears  undesirable  to  do  so,  is 
to  scarify  the  surface  and  re-form  it,  and  again  consolidate  the  coating  by 
rolling. 

It  is  needless  to  point  out,  what  is  graphically  depicted  in  the 
autograph  records,  the  great  reduction  of  vibration  and  concussion  to  which 
vehicles  are  subjected  on  roads  the  surface  of  which  gives  an  unevenness  of 
15  feet  per  mile,  compared  with  one  which  amounts  to  80  or  100  feet  per 
mile. 
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(The  nambere  in  parenthesis  are  those  of  the  articlos.) 


Abrasion  test,  road-stone  (182),  96  ;  Mr. 
£.  J.  Lovegrove's  diy  and  wet,  97 ; 
Lovegrove's  machine  for,  97. 

Absorption  test,  road-stone  (184),  101. 

Abutments  and  piers  (96),  79  ;  thickness 
of  (97,  98),  80. 

Adamant  slabs,  concr<;te,  for  paving  foot- 
ways (688),  394. 

Administration  des  Fonts  et  Ghanss^s, 
France,  road-stones,  comparative  nn- 
merical  value  of  quality  (187),  108. 

Advantages  of  breaking  macadam  by 
machinery  (248),  188  ;  of  steam  road 
rolling  (296),  220 ;  of  team  haulage 
(277),  208. 

Air,  resistance  of  (1),  29. 

•Alcatraz'  pavement  used  in  Glasgow  (497), 
864. 

Altered  conditions  of  trade  and  traffic, 
effect  on  race  of  macadam  hand- breakers 
(241),  182. 

Amount  of  rolling  necessary  in  consoli- 
dating metalling  (382),  274  ;  of  work 
performed  by  working  parts,  and  cost 
of  renewals,  Baxters  stone-breakers 
(269),  203. 

Annexe  for  storing  detonators  (282),  179. 

Appian  Way — Roman  roads,  8. 

Arbroath  pavement  for  footways  (670), 
889. 

Arched  culverts  (77),  71 ;  small  convexity 
(78),  71  ;  semicircular  (79),  71 ;  stones, 
depth  of  (81),  71  ;  bridges  (99),  80  ; 
depth  of  stone  (100),  80  ;  depth  of  brick 
(101),  81. 

Archer's  stone-breaker  (261,  262),  187, 

Arrangements  for  blasting,  final  (211), 
163  ;  of  stone-breaking  machines  (244), 
184. 

Ashton-upon-Lyne,  Town  Council's  recom- 
mendation as  to  traction-engines  (18), 
40. 

Asphalte  pavements,  sources  of  supply, 
contour    and    gradients,     foundations. 


natural  bituminous  rock,  Trinidad  as- 
phalte, binder  course,  wearing  snrface^ 
method  of  applying  and  finishing  (48^ 
494),  848-868  ;  advantages  of  (498),  354, 
866 ;  best  for  carriageways,  slipperisess 
(499),  855  ;  repairs  (500),  355  ;  Ufe  of 
(501),  855,  856 ;  first  cost  and  annual 
cost  of  maintenance  (602),  356  ;  cost  at 
present  in  London,  cost  of  annual 
repairs  (503),  856,  857,  358. 

Asphaltio   wood   pavement    (458),     325; 
pavements  for  footways  (574-576),  390. 

Australian  and  other  hard  woods  for  paving 
carriageways  (465),  331. 

Aveling  k  Porter's  15- ton  steam  rollers 
(295,  297),  217,  220. 

Axles  of  vehicles,  friction  of  (1),  28. 
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Balancing  earthworks  (40),  63. 

Basalt  (122),  98. 

Baxter's  stone-breakers  (259),  191  ;  le^x 
9"  combined  portable,  stone-breaking, 
automatic  screening  and  loading 
machine,  desoription  of  working  parts 
(260),  191-194;  lifting  and  lowering 
arrangement  for  top  screen  applied  to 
(261),  194,  195;  elevator  belt  and 
buckets  (262),  196. 

Beton,  foundations  (427),  809. 

Binding  pro^rties  of  road-stone  (180),  96  ; 
material  m  connection  with  steam- 
rolling  (803,  881),  226,  278  ;  best  results 
obtained  by  using  small  quantities  of 
(305),  227. 

Bitumen  and  crushed  granite  pavement 
(496),  858. 

Bituminous  concrete  (428),  810. 

Blake's  stone-breaker  introduced  into 
England  (248),  185;  original  stone- 
breaker,  description  of  (250),  186 ; 
—  Marsden  stone-breaker  (267),  190. 

Blasting  (189),  144  ;  claying  bore-holea 
(166),  117  ;  agents,  gunpowder  and  high- 
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grade  (190,  191),  144;  nitrocompound 
explosives  (192),  144;  effects  of  (192), 
145 ;  deteriuiuiag  the  charge  with 
examples  (196),  147 ;  shot- holes  fired 
with  straw  and  safety  fnse  (199),  152, 
153 ;  detonators  and  safety  fuse  (199), 
158  ;  electrical  detonators  for  firing  the 
shot-holes  (200),  153  ;  and  their  compo- 
sition (200),  155 ;  how  detonators  are 
inserted  in  primera  and  placed  in  bore- 
holes (201),  155;  several  detonators 
sometimes  used  in  firing  one  charge 
(202),  155 ;  tamping  the  shot-holes 
(203),  155  ;  damage  to  wires  (208),  156  ; 
form  of  tamping-rod  sometimes  used 
(208),  156,  157  ;  nature  of  an  explosion 
of  nitro-compounds  (204),  157;  con- 
necting the  shot-hole  wires  (205),  158  ; 
circuits,  different  methods  of  connecting 
up,  series,  parallel,  and  series  and 
parallel  (206),  158,  159  ;  connecting  to 
cables  and  blasting  machine  (207),  160  ; 
firing  and  blasting  machines,  Siemens, 
Rackbar  (Smith's),  Crescent,  Victor 
(208,  209),  160-162  ;  final  arrangements 
for  (211),  168  ;  volley-firers  (Smith  k 
Co.)  (213),  164  ;  misfires  (214),  164  ; 
recording  charging  operations  (215), 
165 ;  cost  of  working  rock  drills  (217), 
167  ;  of  explosives  (218),  168 ;  and  of 
detonators  (220),  169. 

Blue  lias  for  paving  footways  (578),  889. 

Bomford's  scarifier  (Eddison  k  De  Mattos) 
(328),  240. 

Bore-holes,  position  of,  (188),  133 ;  con- 
ditions to  be  observed,  134  ;  vertical, 
inclined  and  horizontal,  185  ;  size  and 
depth  (187),  139  ;  pump  (sand),  140. 

Boring  the  shot-holes  (187),  138. 

Boulder  or  cobblestone  pavements  (417), 
303. 

Boulton's  flexible  wheel  for  traction  or 
road-engiues  (18),  89,  40. 

Breast  walls  (70),  68. 

Brick  pavements,  tried  in  Liverpool  and 
London,  characteristics,  preparation, 
tests,  absorption  and  abrasion,  size  of 
bricks,  foundations,  laying,  specification 
for  brick  paving  in  Indianopolis,  U.S.A., 
advantages  and  defects  of,  cost  of  (504-- 
518),  859-865. 

Bricks  or  tiles  for  paving  footways  (584), 
394. 

Bridges  (84),  73 ;  materials  used  in 
building  (85),  74  ;  selecting  site  for  (86), 
74  ;  waterway  of  rivers  (87),  74 ;  brick 
arches  (101),  81  ;  tunber(108),  84  ;  iron 
and  steel  superstructures,  cast  iron 
beams  and  jack-arcliing,  steel  trough 
decking  (109-110),  86-87. 

British  roads,  early,  7,  8,  9,  10. 

Broadbent's  stone 'breaker  (258),  190. 

Burrell  and  Rutty*s  road-breaking  machine 
(325),  239. 
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Caithness    flags,    for   paving    footways 
(568),  888,  889. 

Oarriageways,  early,  materials  now  used 
for,  when  more  suitable  material  than 
macadam  should  be  used,  selection  of 
suitable  material  for  (412-414),  300, 
801 ;  essentials  which  good  pavements 
should  possess  (415),  801  ;  traction  on 
different  kinds  of  material  (416),  302 ; 
boulder  or  cobblestone  pavement  (417), 
808  ;  cubed  granite  or  setts  for  (418), 
803,  304  ;  'Euston'  pavement  (419),  804 ; 
width  of  carriageways  (420),  305  ;  con- 
gestion of  street  traffic  (421),  805  ; 
gradients  and  contour  (422),  305,  306  ; 
contour  adopted  in  Liverpool  (422)  306  ; 
difficulties  in  obtaining  uniform  gradi- 
ents under  certain  conditions  (428), 
806  ;  formation  of  (424),  307 ;  founda- 
tions and  preparation  of,  Portland 
cement  concrete,  beton  (425),  807  ; 
bituminous  concrete,  hand  set  rubble, 
macadam,  gravel  and  cinders  (425,  430), 
807,  311  ;  pitched  pavements,  size  of 
stones  used,  jointing,  bituminous  grout, 
cement  grout,  joints  made  with  sand 
(431-484),  312-314;  advantages  and 
objections  to  pitched  pavements  (485, 
486),  315  ;  quality  of  setts,  and  sources 
of  supply  (437),  816;  setts  supplied 
from  the  continent  (438),  317  ;  cost  of 
pitched  pavements,  foundations  (430), 
317  ;  of  paving  setts  per  ton,  in  different 
towns,  and  cost  of  joint  filling  (441), 
818  ;  annual  maintenance  (442),  819  ; 
annual  cost  of  cleansing  (448),  819 ; 
life  and  annual  cost  of  granite  sett 
pavements  in  London  and  provincial 
towns  (444,  445),  319,  822;  wood 
pavement,  first  laid  in  London,  used 
in  Russia  and  New  York,  Australian 
hard  woods  (446),  323  ;  wood  pave- 
ments, practically  noiseless  (447), 
323 ;  Stead's  wood  pavement,  De 
Lisle's,  Carey's  improved  wood,  Ligno- 
mineral,  asphaltic,  Henson's,  Mow- 
lem's,  DuB'y's  and  other  patented 
systems  (448-456),  828-327  ;  gradients 
of  wood  pavement  (468),  327;  contour 
of  wood  pavement  (459),  327  ;  method 
of  constructing  foundations,  fixing  levels, 
lath-templates  (460),  827,  328  ;  wood, 
soft,  treatment  of,  comparative  expan- 
sion of  plain  and  creosoted,  comparative 
expansion  of  in  Piccadilly  and  Regent 
Streets,  London  (462),  828,  829;  cre- 
osoting  soft  woods  (468),  830  ;  life  of 
soft  wood  paving  in  the  Strand,  and  at 
Charing  Cross,  London  (464),  881 ; 
method  of  laying  and  jointing  hard  woods 
in  this  country  (465-469),  831,  334  ;  in 
Sydney,  New  South  Wales  (470),  884  ; 
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pitch  joints  elastic,  cement  rigid  (471), 
834 ;  advantage  of  cement  grout  under 
certain  circumstances  (472),  334  ;  effect 
of  cement  ^ut  on  timber  (473),  384  ; 
as  observed  in  Sydney,  New  South  Wales 
(478).  336  ;  pitch  grout  jointing,  blocks 
can  be  laid  with  close  jomts  (474),  335  ; 
expansion  of  the  blocks,  equalized  by 
elasticity  of  joints  (475),  336  ;  expan- 
sion joints  (476),  336 ;  merits  and  de- 
merits of  wood  pavements  with  wide 
joints  (476),  336 ;  relative  lifetime  of 
soft  and  hard  wood  pavements  in  Sydney, 
New  South  Wales  (478),  337,  888; 
observations  as  to  wear  of  hard  wood 
pavements  iu  Lambeth  and  St  Panoras 
districts,  also  as  to  wear  of  soft  wood 
blocks  at  West  Strand  Post  OflBce, 
Strand,  London  (47fi),  338-341 ;  classi- 
fied table  of  traffic  and  wear  on  soft 
wood  paving  (480),  841,  342 ;  cost  of 
wood  pavements  and  particulars  as  to 
cost  of  hard  wood  pavements  in  Lambeth 
district,  London  (481),  342 ;  cost  of 
wood  pavements,  342,  348  ;  table  giving 
))articular8  as  to  description  of  founda- 
tion, class  of  wood  employed,  methods 
of  laying  and  forming  the  joints,  cost 
and  annual  amount  of  repairs,  and  the 
life  service  of  the  jmvement,  in  the 
principal  cities  and  towns  of  the  king- 
aom,  844,  345 ;  average  lifetime  of 
soft  and  hard  wood  pavements  in  Lon- 
don, and  the  relative  wear  and  cost 
during  life  service  ;  table  showing  aver- 
age annual  cost  of  repayment  of  loan 
at  3^  per  cent.,  spreaa  over  period  of 
duration  of  wood  for  1  mile  of  road- 
way 40  feet  wide  (482),  346,  847  ; 
asphalte  rock  pavements,  introduced 
into  London,  and  sources  of  supply 
(483),  848  ;  Trinidad  asphalte  much 
used  in  Canada  and  U.S.A.  (484),  348  ; 
characteristics  of  rock  and  Trinidad 
asphaltes  laid  as  coropi^essed  pavements 
(485),  348,  349 ;  contour  and  gradients 
(486),  849 ;  foundations  (487),  849  ; 
rock  asphalte  and  Trinidad  asphalte 
now  only  used  in  compressed  form  for 
carriageways  (488),  349  ;  natural  rock, 
composition  of  (489),  850  ;  conditions 
as  to  laying  (490),  850  ;  spreading  the 
asphalte  powder  (491),  350 ;  Trinidad 
asphalte,  also  used  ou  old  carriageway 
foundations,  manufacture,  ingredients, 
composition  (492),  851,  352  ;  Trinidad, 
thickness  to  which  laid,  binder  course 
(493),  352 ;  wearing  surface,  method  of 
applying  and  finishing  surface  and 
number  of  square  yards  which  1  cubic 
yard  will  cover  at  varying  thicknesses 
(494),  853  ;  different  combmations  used 
(495),  353  ;  bitumen  and  crashed  granite 
pavement  tried  in  U.S.A.   and    Paris 


(496),  853 ;  '  Alcatraz'  tried  in  Glasgow 
(497),  354 ;  asphalte  pavements,  advan- 
tages of  (498),  354,  355;  best  for 
carriageway  pavements  with  one  excep- 
tion (499),  355 ;  repairs  (500),  855 ; 
actual  life  of  (501),  355,  856  ;  first  cost 
and  maintenance  by  contract  in  Cheap- 
side  and  other  thoronghfai*es,  London 
(502),  856,  857  ;  present  cost  per  square 
yard  of  Val  de  Travers,  Limmor,  and 
Trinidad  in  London  (503),  356  ;  brick 

favements  (504),  359  ;  '  Tees  scorie ' 
ricks  in  Liverpool,  bricks  in  London 
(505),  859  ;  characteristics  which  bricks 
should  possess  (506),  859  ;  methods  of 
preparing  the  clay  (507),  860 ;  absorp- 
tion test  (508),  861 ;  abrasion  test  (509), 
361  ;  crushing  test  (510),  861  ;  size  of 
bricks  (511),  362  ;  foundations  (512), 
862 ;  laying  (518),  862 ;  ^uting  the 
'  joints  (514),  362 ;  specification  for 
brick  paving  adopted  by  the  Indian- 
opolis  Board  of  Public  Works,  U.S.A. 
(515),  368-365 ;  advantages  and  defects 
of  (516),  366  ;  life  of  (517),  865  ;  cost 
of  in  U.S. A.,  and  probable  cost  in 
this  country  (518),  865  ;  M'Dougairs 
pavement  (519),  866  ;  cork  pavement 
(520),  366 ;  sanitary  block  pavement 
(521),  867 ;  tar  macadam  (522),  867  ; 
seasoning  or  refining  the  tar  (528), 
867  ;  materials  composing  aggr^^ste 
(524),  868 ;  methods  of  drying  the 
stones  and  mixing  the  matrix  (525,  526), 
368 ;  quantity  of  tar  cement  used 
depending  on  the  nature  of  the  stones 
composing  the  bulk,  proportions  suitable 
(527),  868 ;  method  of  laying  and 
durability  (528),  869 ;  cost  of  laying, 
details  (529),  870;  where  used  in  Eng- 
land and  Scotland  (580),  870,  871 ; 
macadamized  roadways  (531),  871; 
life  of  (532),  871 ;  cost  of  construction, 
annual  cost  of  repairs  in  London  and 
other  cities  (583),  371-872  ;  pavements, 
conclusions  as  to,  traffic  and  sanitary 
conditions,  durability,  asphalte  an  ideu 
pavement,  comparative  safety  or  slipperi- 
ness  on  different  pavements,  observa- 
tions by  6.  W.  Haywood  and  Captain 
Greene,  table  showing  comparison  of 
merits  and  objections  of  different  descrip- 
tions of  pavements  by  H.  Percv  Boul- 
nois,  street  traffic  records  in  different 
parts  of  London,  form  of  record  table  for 
street  traffic  (534-549),  372-831 ;  most 
suitable  material  for  (612),  415  ;  con- 
gestion of  traffic  on  (613),  415-420. 

Cast  iron  beams  and  jack-arching  for 
bridges  (109),  86. 

Cement  concrete  kerbs  (553),  838. 

Centering  for  culverts  and  bridges  (1(W), 
82 ;  wedges  and  striking  blockB  for 
(106),  88. 
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Centre  line  of  new  roads,  staking  ont  (85)i 
47. 

Centres  for  arches  of  bridge  over  River 
Don  and  London  Bridge  (106),  84. 

Channels  (557),  884;  gradients  (558), 
385 ;  raised  at  crossings  and  inter- 
sections of  streets  (559),  885. 

Charging  the  shot-holes  (199),  151 ;  re- 
cording the  operations  (215),  165. 

Chum-drilling  (168),  116. 

Circuits,  different  methods  of  connecting 
up  (206),  158. 

Clearing  out  bore-holes  (164),  116, 117. 

Close  fences  and  snowstorms  (llS)i  89. 

Coffer-dams  (95),  77. 

Collision,  wheels  of  vehicles  on  road  sur- 
faces (1),  28. 

Comparative  trials  of  rock  drills  (182), 
182. 

Comparison  of  cost  of  the  two  methods  of 
quarrying  (228),  174. 

Composition  of  high-grade  explosives  (192), 
144  ;  a  road  crust  (868),  265  ;  Codring- 
ton's  experiments  (869),  265. 

Conclusions  as   to   the    use  of  different 
descriptions  of  pavements  of  carriage-  ' 
ways  (534),  872. 

Concrete  paving  for  footways,  Stuart's 
imperial  stone,  Victoria  stone,  adamant 
stone,  Jones's  annealed  stone,  Ran- 
some's  stone,  ferrumite  stone,  Buckuell's 
granite  breccia,  Guernsey  granite  con- 
crete slabs  (579-582),  391-898. 

Condition  of  roads  in  the  north  of  England 
in  1770,  10. 

Conditions  and  peculiarities  of  high-grade 
explosives  (194),  145. 

Congestion  of  traffic  in  thoroughfares  (618), 
415-420. 

Conical  wheels  (11),  85. 

Connecting  the  shot-hole  wires,  blasting 
(205),  158  ;  to  cables  and  terminals  of 
blasting  machine  (207),  160. 

Considerations  to  be  observed  as  to 
hauling  metalling  (284),  218. 

Consolidation  of  embankments  (48),  55. 

Construction  of  new  and  the  maintenance 
of  existing  roads  (842-411),  249-299  ; 
of  roads,  Telford's  system,  Macadam's 
system,  advantages  and  defects  of 
both,  effect  of  subsoils  and  methods 
adopted  at  the  present  time,  width  of 
roaas,  contour  and  minimum  gradients, 
details  of  construction,  cost  of  rolling 
bottoming  (848-856),  249-258. 

Cork  paving  for  footwavs  (586),  894,  895. 

C^t  of  steel  trough  aecking  and  brick- 
arches  compared  (111),  87  ;  of  work- 
ing rock  drills  (217),  167;  ex- 
plosives (218),  168  ;  electrical  detona- 
tors (220),  169  ;  quarrying  by  manual 
labour  (227),  178,  174;  of  the  two 
methods  compared  (228),  174  ;  machine 
drilling    plant   (229),    175  ;   of  hand- 


breaking  macadam  (289),  181  ;  sup- 
plying metalling  per  ton,  by  manual 
labour  (240),  182 ;  of  breaking  mac- 
adam by  machinery  (267),  200-202 ; 
of  haulage,  method  of  arriving  at 
(274),  207  ;  of  team  haulage  (276),  208; 
steam  road  rolling  (802),  224  ;  steam- 
rollers and  accessories  (811),  230;  work- 
ing Rutty's  scarifier  (837),  244  ;  working 
Morrison's  scarifier  (889),  247  ;  scarify- 
ing by  hand  and  machine  compared 
(841),  248;  road  maintenance  (861), 
261 ;  probable  method  of  arriving  at  the, 
of  repairing  roads  (890),  278  ;  of  light 
repairs  on  roads  (891),  284;  maintenance 
of  roads,  comparisons  of,  in  relation  to 
cost  of  materials,  and  systems  adopted 
(611),  412,  418;  per  mile,  with  other 
relative  figures  in  different  counties  in 
England  and  Scotland;  '* Grant  in 
Aid,"  &c.,  total  mileage  and  cost  of 
maintenance  of  the  main  roads  in  Great 
Britain  (612),  418-415. 

Counterforts  (68),  67. 

Country  districts,  footpaths  situated  on 
(588),  895. 

County  Councils,  authority  to  make  by- 
laws as  to  width  of  tire  and  weights 
carried  by  vehicles  (13),  36. 

Crescent  blasting  machine  (209),  162. 

Cross  section  of  English  road  about  1809, 
10  ;  for  new  roads  (82),  45  ;  mitre  drains 
(61),  60. 

Crosta's  surface  water  gully  (562),  386. 

Crushing  test,  road  stone  (136),  102. 

C*ulverts  (71),  68  ;  waterway  of  (72),  68  ; 
materials  used  in  building,  stone,  salt- 
glazed  pipes,  pipes  and  concrete,  and 
iron  pipes  (78-76),  69-71  ;  arched  (77), 
71 ;  various  forms  (82),  71-78 ;  catch- 
pits  on  upper  side  of  (88),  73. 

Curves,  vertical,  in  laying  out  roads  (85), 
47. 

Cuttings,  rock  (44),  54  ;  drains  in  (68), 
62. 

Cylinder  and  caisson  foundations  (95),  78. 

Cylindrical  inch,  as  applied  to  calculating 
the  drilling  of  bore-holes  (167),  118  ; 
inches  bored  in  one  hoar  by  mechanical 
drills  (188),  142. 


Danoiroits  places,  protecting  (112),  88. 

De  Lisle's  wood  pavement  (449),  824. 

Depth  of  arch  stones  (100),  80. 

Determining  the  charge  in  blasting  rock 
(196),  147. 

Detonators  for  safetv  fuse  (199),  158; 
electrical :  slot,  bridge  and  incandescent 
(200).  158 ;  composition  of  (200),  155  ; 
how  placed  in  primers  and  shot-holes 
(201),  155;  several  used,  at  times,  in 
one  charge  (202),  155  ;  electrical,  cost  of 
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(220),  169  ;   annexe  for  storing 
179. 

Diabase  (123),  93. 

Different  explosives  in  relation  to  wet  bore- 
holes (193),  145. 

Dimension  stones,  quarrying  for  (186),  1S7. 

Diorite  (121),  92. 

Direction  boards  and  mile-stones  (410), 
299. 

Dished,  or  slightly  conical  form  of  wheel 
(11),  85. 

Distribution  of  different  sizes  of  macadam 
(245),  184. 

Ditches,  side,  formed  before  commencing 
earthworks  (57),  59. 

Drain  pipes,  partially  surrounded  with 
clay  (56),  59  ;  in  cuttings  (63),  62. 

Drainage  of  slopes  (55),  58  ;  of  subsoil  (59), 
60  ;  of  embankments  (62),  62. 

Drilling- tools  broken  in  bore-hole,  remov- 
ing o1(  165),  117  ;  machines,  hand  power 
(170),  120 ;  different  types  (171),  120 ; 
requirements    of   (Andre)    (171),    120 ; 

*  IngereoU  -  Sergeant '       (175),       122  ; 

*  Hirnant'  (176),  126  ;  cost  of  working 
(217),  167  ;  coat  of  plant  (229),  175. 

Drill-bits,  machine  (179),  130 ;  wings  for, 
in  seamy  rock  (179),  181 ;  tempering 
(180),  131. 

Drop  test  for  road-stones  (183),  100. 

Duffy's  wood  pavement  (456),  326. 

Darability  of  road-stones  (141),  105. 

Dynamometer  applied  to  horso-traction  (5), 
31. 


Earthworks,  equalizing  (40),  53 ;  cubical 
contents  (54),  58. 

Economy  in  the  maintenance  of  roads 
secured  by  using  the  best  materials  pro- 
curable (394),  289. 

Eddisonand  De  Matto's  scarifier  (Bom ford's) 
(328),  240. 

Edge  worth,  essay  on  the  construction  of 
roads  and  carriages  by,  14. 

Effect  of  an  undrained  subsoil  on  a  road 
covering  (60),  60  ;  the  introduction  of 
railways  on  the  Turnpike  system,  26 ; 
of  springs  on  vehicles  (20),  41. 

Embankments  (47),  55  ;  consolidating  (48), 
55 ;  on  side-long  ground  (49),  55  ;  and 
the  retaining  walls  required  (50),  56 ; 
drainage  of  (62),  62  ;  formed  over  bridges 
and  culverts  (103),  82. 

Engine  shed  and  store  (404),  295. 

Equalizing  earthworks  (40),  53. 

Estimates  and  expenditure,  annual,  of  road 
i-epairs  (411),  299. 

Examples  of  quarrying,  taken  from  actual 
practice  (185),  136 ;  of  charging  and 
blasting  (196-198),  147-151  ;  ofarrang- 
ing  rolling  operations  (878),  270. 

Excelsior  stone-breaker  (Hope's)  (254),  187. 


Excessive  weight  on  wheels  (19),  41. 

Expansion  joints,  wood  pavements  (476), 
336. 

Experiments  by  Morin,  resalts  of  resist- 
ance of  traction  of  vehicles  (3X  30 ;  by 
Sir  J.  Macneill  on  the  tractive  forces  re- 
quired on  macadamized  and  other  de- 
scriptions of  roads  (4),  30  ;  carried  ont 
with  horse  dynamometer  (5),  31. 

'  Explosives  Act,'  excerpt  from  (230-234), 
175-179. 

Explosives  store,  description  of  (231), 
176 ;  construction  of  (281),  177,  178 ; 
cost  of  erection  (233),  179  ;  different 
explosives  in  relation  to  wet  bore-holes 
(193),  145  ;  conditions  and  particalars 
of  high-grade  explosives  (194),  145; 
storing  of  (230),  175. 

Extended  powers  of  County  0>uncils  con- 
ferred by  the  '  Local  Government  Acts,' 
27. 

Extent  of  ground  required,  and  half- widths 
in  constructing  new  roads  (52),  58. 

External  forces  affecting  the  motion  of 
vehicles  (1),  28. 

F 

FiRKOLAY  brick  kerbs  (554),  383. 

Firing  or  blasting  machines  (208),  160. 

Flints  (128),  94. 

Footpaths,  country  (409),  298. 

Footways,  kerbs,  channels,  gullies,  paving 
materials  for  footways  (550),  882  ;  kerbs  : 
stone,  cement  concrete,  fireclay  brick, 
cast  and  wrought  iron  (551-555),  382- 
884 ;  channels   (557),    384 ;    raised    at 
crossings  and  intersection  of  streets  (559), 
385  ;  {gradients  of  (558),  385  ;  gullies,  8  ; 
essential  points  necessary  in  (560),  885  ; 
Sykes*  stoneware  and  iron  (561),  885 ; 
Grosta's  surface-water  (562),  386  ;  other 
descriptions  (563),  386  ;  gully  pits,  illus- 
tration of  form  used  in  Liverpool  (564), 
387;    width   and  cross   fall  of  (565), 
888 ;  qualities  which  paving  materials 
should  possess,  and  different  descriptions 
of  material  used  (566),  388  ;  good  founda- 
tion indispensable  (567),  388  ;  natural 
stones  used  for  paving,  Caithness  flags 
considered  best  (568),  388;  Yorkshire 
flags    (569),  389;    Arbroath  pavement 
(570),  889 ;  laving  natural  stones,  and 
life  service  of  the  above  paving  materials 
(571,  572),  889;  other  natural  stones 
made  use  of  (573),  389  ;  asphaltic  pave- 
ments (574),   889 ;   Trinidad    asphalts 
(575),  390 ;   rock  asphalte  (576),  890 ; 
tar  concrete  pavement  (577,  578),  390, 
891 ;  concrete  paving  (579),  391 ;  Stuarfs 
granolithic  tn  situ  pavement  (580),  392 ; 
objections  to  (581),  398 ;  concrete  slabs 
(582),  393  ;  adamant  slabs  (588),  894 ; 
bricks  or  tiles  (584),  894  ;  used  in  U.S.  A. 
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(585),  894 ;  .cork  paving  and  sanitary 
tiles  (586,  587),  894,  896 ;  in  coantry 
districts  (588),  895. 

Formation  of  carriageways  (424),  807. 

FoundatioDs,  natare  of  material  of  (88), 
75 ;  safe  load  on  (89),  75 ;  timber  plat- 
form (91),  76 ;  piling  (92),  76 ;  piles, 
safe  load  on  (98),  76 ;  cylinder  and  cais- 
son (95),  78;  for  carriageway  pave- 
ments (425),  807. 

Fowler's  scariEer  (Evershed's  patent)  (822), 
287  ;  (Fowler  and  Benstead)  (826),  240. 

French  roads,  early,  5 ;  subsequent  to 
1775,  6. 

Frost  and  thaw  alternating,  effects  of  (400), 
293. 

Frozen  explosives,  warming  pans  for  thaw- 
ing (194),  146 ;  effective  means  of  thaw- 
ing (195),  146. 

Fuses,  safety  (199),  158 ;  friction  (212), 
164. 


G 


Gates'  stone-crusher  (272),  205. 

Gelatine,  composition  of  blasting,  and  of 
dynanute  (192),  144. 

Gelignite,  competition  (192),  144. 

General  deductions  on  quarrying  (216), 
165. 

Geological  survey  maps  of  Great  Britain 
(115),  90. 

Geology  in  relation  to  road  materials  (114), 
90. 

Glasgow  and  Carlisle  road,  19. 

Grade-line  in  hilly  districts  (88),  46. 

Gradients,  macadamized  roads  (7),  81  ; 
effects  of,  on  loads  which  horses  can 
draw,  84 ;  observations  on,  by  Prof. 
Mahan,  Sir  J.  Macneill,  M.  Dumas,  and 
Telford  (9),  88,  84  ;  and  contour  of 
pitched  (422),  805 ;  wood  (458,  469), 
827 ;  and  asphalte  pavements  (486),  849  ; 
gradient  and  tangent  pgs  (54),  58. 

Granite  (118),  91 ;  syenite  and  whinstone 
kerbs  (551),  882. 

Gravel  (128),  94. 

Gravity  (1),  29. 

Gullies  or  sand  traps  (68),  62 ;  essential 

Saints  of,  Sykes'  stoneware  and  iron, 
rosta's  surface  water,  and  other  descrip- 
tions (560-663),  885-887. 
Gunpowder  as  a  blasting  agent,  composi- 
tion of  (190),  144. 


Half-widths,  and  extent  of  ground  re- 
quired in  making  new  roads  (52),  68. 
Hcdl's  ttone-breaker  (258),  190. 
Hammers  and  sledges  (161),  115. 


Hand  and  machine  scarifying  compared 
(841),  248  ;  scraping,  amount  and  cost 
of  work,  repairs  (401),  293. 

Hand-boring,  amount  of  work  accomplished 
(167),  117  ;  average  amount  of  work 
performed  on  different  descriptions  of 
rock  (167),  118  ;  cost  of  (168),  119. 

Hand-drilling  or  boring  (157),  114. 

Hand-drills  or  jumpers  (159),  114. 

Hand-picking  or  manual  labour  (macadam) 
(834),  243  ;  cost  of  (885),  248. 

Hand -power  drilling  machines  (170),  120. 

Hardness,  road  stones  (180),  96. 

Haulage  (278),  207  ;  taethod  of  arriving  at 
cost,  tip-carts  should  only  be  employed 
(274),  207  ;  number  of  horses  and  carts 
required  (275),  207  ;  team,  cost  and  ad- 
vantages of  (276,  277),  208 ;  recording 
weight  of  macadam  broken  for  fixing, 
cost  of  (278),  209 ;  by  steam,  and  cost 
of  (279,  280),  209,  210  ;  cost  of  by  con- 
tract (281),  212 ;  considerations  to  be 
observed  (284),  218 ;  wagons  with  folding 
doors  and  hoppers  (285),  213  ;  system 
adopted  in  the  U.S.A.  (286),  214 ;  how 
arranged  in  connection  with  rolling 
operations  (379),  278. 

Henderson's  machine  for  breaking  up 
macadam  (321),  236. 

Henson's  wood  pavement  (454),  826. 

Highland  roads,  Telford's  specification  for, 
15. 

Hiring  steam  road-rollers  (307),  229. 

Hirnant  rock  drill,  details  of  construction 
(176),  126. 

Hope's  stone-breaker  (254),  187. 

Horse   scraping  and   sweeping  machines 
(899),  292 ;  amount  and  cost  of  work 
done  (401),  293  ;  also  by  hand  machines, 
first  cost  of,  and  repairs  (402),  294. 
Hosack's  scarifier  (329),  241. 
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lacpROYED  wood  pavement  (451),  324. 
Improvement  of  existing  lines  of  communi- 
cation (38),  51. 
Improving   gradients  on    existing   roads 

(89),  52. 
Ingersoll-Sergeant  rock  drill,  and  details 

of  construction  (175),  122-126. 
Insulating  wires   and    detonators  (208). 

161. 
Intermediate  towns,  in  laying   out  new 

roads  (36),  47. 
Iron,  cast  and  wrought,  for  kerbs  (565, 

566),  888,  884. 
Iron  and  screw  piles  (94),  77. 
Iron  and  steel  superstructures  for  bridires 

(109),  86.  * 

Iron  pipes,  substitute  for  wedges  in  bridge 

centres  (107),  84.  ^ 
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Jack-archino,  in  connection  with  cast 
iron  bcAms  for  bridges  (109),  86. 

Jackson's  scarifier  (819),  285. 

Jaws  of  stone-breaking  machines,  arrange- 
ment for  lifting  and  replacing  (265), 
199. 

Joints,  filling  for,  in  pitched  paTcments, 
bituminous  gront,  cement  grout,  and 
sand  (482-484),  818,  814. 

Jumpers,  broken  in  bore-hole,  how  re- 
covered (165),  117. 
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KsNTiBH  rag  (126),  94. 

Kerbs  (550),  382;  various  materials  naed 
(551),  882 ;  stone,  granite,  etc.  (552), 
888  ;  cement  concrete  (558),  888  ;  fire- 
clay brick  (554),  883  ;  oast  and  wrought 
iron  (555,  556),  883,  884. 


Landslips  (46),  55. 

Land  stones  (128),  94. 

Laying  out  new  roads  (21),  42 ;  general 
principles  to  be  observed  in  the  field 
(24),  43 ;  example  taken  from  actual 
practice  (87),  49. 

Lazonby  stone  for  paving  footways  (578), 
389. 

Legislation,  road,  1700  to  1770,  9. 

Life  service  of  soft  and  hard  woods,  rela- 
tive (478),  837 ;  of  hard  woods  in  Sydney, 
New  South  Wales  (478),  387 ;  of  hard 
woods  in  London,  cost  per  annum,  and 
relative  matters  (482),  846,  847. 

Ligno-mineral  pavement  (452),  825. 

Limestone,  carboniferous  and  mountain, 
(126),  94  ;  Cardiff,  experiments  by  Pro- 
fessor ElUot  (138),  103. 

Liverpool,  life  service  of  pitched  pave- 
ments in,  traffic,  tonnage,  and  annual 
cost  of  maintenance,  systematic  record 
kept  (547),  379 ;  gully  pit  adopted  in 
(564),  387. 

London,  number  of  steam  rollers  employed 
in,  and  area  of  macadamized  roads  (810), 
280. 

Longitudinal  section  of  new  roads  (82), 
45. 

Low-lying  or  marshy  ground,  forming 
roads  over,  piling,  fascines,  hurdles  (51), 
56. 
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Macadam,  J.  L.,  11 ;  system  of  making 
roads,  12 ;  and  Oarse  of  Growrie  Turn- 
pike roads,  18 ;  engaged  in  England, 


18 ;  general  manager  of  the  Metropo- 
litan roads,  13 ;  remarks  on,  by  West- 
minster Review f  1825,  14 ;  opinion  as 
to  width  of  tires  of  vehicles  (19),  4L 

Maoadam  scarifiers,  description  and  cost 
of  working  (816-829),  282-241. 

Macadam's  system  of  road  oonstmction 
(346),  261 ;  Telford's  methods  of  road 
construction,  advantages  and  defects  of 
(847),  251. 

Macadamized  roadways  in  towns,  life  and 
cost  of  repairs  in  London  and  other 
cities  (581-533).  371,  872. 

Macadamized  roads  (545),  878  ;  gravel  and 
cinder  foundations  for  carriageways 
(480),  811. 

Machine  and  hand  scarifying  compared 
(341),  248  ;  for  paring  or  dressing  the 
edges  of  roads,  cost  of  work  (403), 
294. 

M'Dougall's  patent,  combination  sett  pave- 
ments (519),  866. 

Macneill,  Sir  J.,  evidence,  before  Com- 
mittee on  steam  carriages,  as  to  width 
of  tires  and  weights  carried  b^  vehicles, 
1881  (12,  19),  36,  41 ;  experiments  on 
tractive  force  required  (4),  80  ;  observa- 
tions on  the  wear  of  roa^s  (857),  259. 

Maintenance  of  macadamized  roads,  cost 
of,  methods  adopted  (361-864,  611), 
261,  262,  412,  418;  per  mile,  with 
other  relative  figures  in  the  differeot 
counties  in  England  and  Scotland; 
'Grants  in  Aid,'  etc  ;  total  mileage  and 
cost  of  maintenance  of  main  roads  in 
Great  BriUin  (612),  418-415. 

Making  and  maintaining  roads,  general 
remarks,  and  in  relation  to  cheap  transit 
(609),  404-410. 

Maps  or  plans  of  a  country  (80),  45. 

Marshy  ground,  forming  roads  over,  pil- 
ing, fascines,  hurdles  (51),  56. 

Marsden's  stone- breaker  (256),  189;  screen- 
ing and  loading  arrangement  (271  )i 
205. 

Marshall's  scarifier  (827),  240. 

Mason's  stone-breaker  (258),  190. 

Materials  used  in  building  bridges  (85), 
74. 

Mechanical  details  of  stone-breakers  (249), 
185. 

Metalling,  or  macadam,  cost  of  supplying 
per  ton,  by  hand  labour  (240),  182; 
effect  of  altered  conditions  of  trade  and 
traffic  (241),  182;  different  sizes  of, 
system  of  distribution  (245),  184 ; 
amount  broken  and  cost  by  machinery, 
(267),  200 ;  requirements  of  difierent 
districts  and  capabilities  of  stone-break- 
ing machines  (268),  208 ;  storing  of 
(270),  204 ;  cost  of  storing  in  quarry  (282), 
212 ;  cheaper  to  employ  extra  engines 
(288),  212  ;  quantity  applied  per  annum, 
quality  a  factor  (859,  860),  259,  260; 
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area  which  a  cubic  yard  will  spread  and 
time  of  year  applied  (365|  866),  262- 
264  ;  coats  of,  containing  an  abnormal 
amount  of  detritus  or  soft  material  (370), 
266 ;  continuous  coatings  of,  rolling 
(874),  268 ;  method  of  arranging  (878), 
270  ;  spreading  the,  in  connection  with 
rolling  operations  (880),  278.;  hand 
broken,  rolling  of  (888),  276;  scarify- 
ing and  screening  the  old  (886),  276 ; 
thickness  applied  when  consolidated  by 
rolling  (889),  277. 

Metamorphic  rocks  (124),  93. 

Metcalf,  J.,  11. 

Method  of  selecting  final  route  for  new 
roads  (26),  48 ;  applying  scarifying 
machine  (885),  276  ;  amving  at  the 
cost  of  repairing  roads  (390),  278 ; 
constructing  wood  pavements  (460), 
827. 

Mica-schist  (125),  93. 

Mileage  of  roads  which  can  be  undertaken 
with  one  roller  (806),  228. 

Milestones  and  direction  boards  (410), 
299. 

Minimum  gradients  and  contour  of  roads 
(868),  266. 

Misfires,  blasting  (214),  164 

Mitre  or  cross  drains  (61),  60. 

Morin's  experiments,  results  of  (8),  80 ; 
experiments  as  to  width  of  tires  of 
wheels  and  weights  carried  by  yehicles 
(14),  37. 

Morrison's  scarifier  (Aveling  &;  Porter), 
description  of  (323),  237 ;  amount  of 
work  done  by  (388),  245  ;  cost  of  work- 
ing (339),  247  ;  use  of,  extending  (840), 
248. 

Motion  of  yehicles,  external  forces  afi'ect- 
in^  the  (1),  28. 

Motive  power  for  machine  rock  drills  (181, 
187),  132,  138  ;  required  to  drive  stone- 
breakers  (263),  196. 

Motor  vehicles,  possibilities  of,  expeditious 
and  cheap  transport  of  merchandise 
(610),  410-412. 

Mowlem  k  Co.'s  method  (wood  pave- 
ment) (456),  326. 


N 


KATdKE  of  material  of  foundations  (88), 

76. 
Kew  and  old  systems  of  maintaining  roads 

compared  (892),   286 ;    examples   from 

actual  practice,  etc.  (892),  286-299. 
Nitro-compounds  (192),  144 ;  advantages 

of  (199),  152  ;  fired  by  safety  fuse  (199), 

168 ;  electrical  detonators  (200),  163 ; 

nature  of  an  explosion  of  (204),  167 ; 

quantity  required  to  dislodge  a  piece  of 

rock  (219),  168. 


Observations  as  to  broad  and  narrow 
wheel  tires  (16),  89. 

Old  and  new  systems  of  maintaining  roads 
compared  (892),  286;  examples  from 
actual  practice,  etc.  (892),  286-289. 

Opening  new  quarries,  drainage,  gravita- 
tion (164),  113. 


Parallel  circuit,  blasting  (206),  169. 

Patching  system  of  repainng  roads  (858), 
259  ;  quantity  of  metalling  applied  per 
annum  (869),  259  ;  rolling  (872),  267  ; 
cost  of  (878),  268  ;  advantages  of  scari- 
fying (888),  277. 

Pavements,  Roman,  cobblestone  and 
different  descriptions  of  material  now 
used  (412,  418),  300 ;  when  necessary 
to  substitute  stone  or  some  other  class 
of  material  for  macadam  (414),  801  ; 
selecting  suitable  material  for  (414), 
301 ;  cobblestone  (417),  808  ;  '  Euston  * 
(419),  804;  fonndations  (425-480), 
307-811  ;  pitched  (481),  312 ;  advan- 
tages of  and  objections  to  (486,  486), 
316  ;  wood,  first  introduced  into  Lon- 
don ;  Australian  hard  woods ;  Stead's 
method  (446-456),  323-827  ;  soft  wood 
(462),  828 ;  hard  wood  (465),  331  ; 
asphalts  (483),  848  ;  brick  (604),  869  ; 
M*DougaU's  patent  (619),  866  ;  cork 
(620),  866  ;  sanitary  block  (621),  867  ; 
tar-macadam  (622),  367 ;  pitched, 
cheapest  and  most  durable,  but  noisy 
(535),  878  ;  soft  and  hard  woods  (587), 
378,  874  ;  asphalte  (688),  '374  ;  best  to 
adopt  (639),  374 ;  slipperiness  of,  com- 
parative (640),  376  ;  H.  Percy  Boulnois's 
observations  on  (644),  377. 

Paving  material  for  footways,  qualities 
necessary,  and  different  descriptions 
used  (666),  388. 

Pegs,  gradient  and  tangent  (64),  68. 

Pennant  stone  for  paving  footways  (678), 
889. 

Physical  tests,  road-stone,  abrasion  (181, 
132),  96 ;  drop  (188),  100 ;  absorption 
(134),  101;  weathering  (136),  102; 
crushing  (136),  102. 

Piers  and  abutments  (96),  79  ;  thickness 
of  (97,  98X80. 

Piles,  iron  and  screw  (94),  77. 

Portland  cement  concrete  foundations 
(426),  808. 

Position  of  blasting  machine,  when  firing 
charges  (211),  163. 

Protecting  dangerous  places  (112),  88. 

Purbeck  stone  for  paving  footways  (678), 
389. 
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Quarries,  opening  new,  drainage,  gravi- 
tation (164),  118  ;  strippng  (165),  114. 

Quarrying  (158),  118;  simplest  method 
(166),  114  ;  hand -drilling  or  boring, 
size  of  cattine  edge,  hand-drills  and 
jumpers,  hardening  and  tempering, 
hammers  and  sledges  (157-161),  114, 
115  ;  starting  a  boro-hole,  hand-drilling 
(162),  115 ;  use  of  water  in  bore-hole 
(182),  116;  churn -drilling  (163),  116; 
removing  sludge  from  boreholes  (164), 
116 ;  broken  jumpers  in  bore-hole, 
recovering  (165),  117;  claying  bore-holes 
(166),  117  ;  amount  of  work  accom- 
plished by  hand-boring  (167),  117 ; 
method  of  calculating  amount  of  drill- 
ing done  (167),  118  ;  average  amount  of 
drilling  by  hand  in  different  rocks  (167), 
118  ;  table  of  work  done  by  hand-drill- 
ing in  cylindrical  inches,  in  various  rocks 
(167),  118 ;  cost  of  hand-boring,  in 
various  rocks  (168),  119  ;  position  of 
bore-holes  (machine),  (183),  133  ;  verti- 
cal, inclined  and  horizontal  bore-holes 
(183),  135  ;  examples  taken  from  actual 
practice  (185),  136  ;  road -stone  quarry 
No.  1  (185),  187 ;  dimension  stones 
(186),  137  ;  boring  the  shot-holes  (187), 
138  ;  size  and  depth  (187),  189 ;  work 
done  by  machine  rock-drill  (188),  141 ; 
cylindrical  inches  bored  in  one  hour 
(188),  142;  general  deductions  (216), 
165 ;  cost  of  working  rock-drills  (217), 
167  ;  sledging  the  rock  (221),  169  ;  cost 
of  per  ton  (222),  169,  170;  actual  coat 
in  road-stone  quariies  Nos.  1,  2  and  3 
(223-226),  170-173;  season  of  year, 
work  performed  (226),  173;  cost  of, 
by  manual  labour  (227),  173,  174;  cost 
of  the  two  methods  compared  (228),  174  ; 
cost  of  a  mechanical  drill  plant  (229), 
175. 

Quantity  of  macadam  broken  by  hand  per 
day  (238),  181 ;  by  machine  (267),  200. 

Quartz-porphyry  (118),  92. 
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Record  table  of  street  traffic,  form  adopted 

in  London  (549),  380. 
Removing  top    screen  of  stone-breaking* 

machine  when  travelling,  arrangement 

for  (266),  199. 
Resistance    arising    from  friction  of  the 

axles  of  vehicles  (1),  28  ;  to  traction  on 

level  roads,  made  of  different  descriptions 

of  material  (2),  29. 
Retaining  walls  in  side-long  ground  (50, 

65),  66,  64 ;    dimensions  of  (66),   65  ; 

surcharged  (67),  66 ;   Sir  B.  Baker  on 

(69),  67. 


Revenue,  methods  of  raising,  past  and 
present,  26. 

Roads,  Roman,  1 ;  French,  early,  5  ;  sub- 
sequent to  1775,  6 ;  British,  early,  6 ; 
Roman,  in  Britain,  6  ;  General  Wade's, 
9  ;  Legislation  1700, 1770,  9  ;  condition 
of,  in  the  North  of  England  in  1770, 10 ; 
cross-section  of,  English  about  1809, 10 ; 
turnpike,  made  in  Scotland,  11 ;  Mac- 
adam's system  of  making,  12  ;  Telford's 
system  of  making,  14  ;  general  specifica- 
tion for  the  Highland,  16  ;  general  rules 
for  repairing,  22  ;  specification  for  road 
maintenance,  26 ;  improvement  of,  in 
the  Island  of  Anglesea,  26  ;  effect  on  the 
turnpike  system,  after  the  introduction 
of  railways,  26  ;  reconnaissance  for  new 
(23).  42 ;  new,  method  of  determining 
final  route  (25),  43 ;  in  mountainous 
districts  (26),  44  ;  ridge-linea  (28),  44 ; 
laying  out  grade  line  in  hilly  districts 
(38),  46 ;  new,  laying  out  in  actual 
practice  (87),  49 ;  improvement  of 
gradients  of  existing  (89),  62  ;  formed 
over  low-lying  or  marshy  ground,  piling, 
fascines  and  hurdles  (51),  56  ;  laying 
drain  pipes  under  (64),  68 ;  cheap 
transit  in  relation  to  (609),  404-410; 
viagraph  record  of  (614),  420-425; 
materials  or  metal  (114),  90 ;  rocks  for 
(116),  90  ;  mineralogical  composition  of 
different  rocks  (117),  91 ;  granite,  quartz- 
lorphyry,  syenite,  8yenite-iM)rphyry, 
iiorite,  basalt,  diabase,  mica  -  schist, 
limestone,  Kentish -rag,  flints,  gravel, 
sandstones,  ironstone  and  copper  slag 
(118-129),  91-94;  stone,  requisites  of, 
hardness,  toughness,  weather  resisting, 
binding  (180),  94-96;  table  showing 
analyses  and  composition  of  different 
rocks,  95  ;  tests,  abrasion,  drop,  absorp- 
tion, weathering,  crushing,  (131-136), 
96-102  ;  Mr.  £.  J.  Lovegrove's  abrasion 
(132),  97,  98,  99  ;  comparative  numerical 
value  adopted  in  France  (187),  103; 
tests.  Prof.  Elliot's  experiments,  for 
abrasion  and  absorption  (138),  103-106 ; 
Lovegrove's  and  Elliot's  results  compared 
(140),  105;  durability  of  (141).  105; 
arrangement  adopted  when  certain  local 
materials  are  used  (142),  107 ;  the  best 
that  can  be  obtained,  cheapest  in  ultimate 
cost  (143),  107  ;  tests,  comprehensive,  to 
form  standard  of  comparison  (144),  108  ; 
sources  of  supply,  England  and  Wales, 
Scotland,  Ireland,  and  the  Channel 
Islands  (145-151),  110,  111 ;  supply  from 
the  Continent  (152),  111 ;  approximate 
quantity  used  in  this  countrjf  annually, 
and  cost  (152),  112  ;  quarry  No.  1  (186*), 
137;  quarries  Nos.  1,  2  and  8,  cost  of 
quarrying  (223-225),  170-178  ;  construc- 
tion (342),  ^49  ;  Telford's  system  (844X 
249 ;    his   specification   for  new   roads 
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(345X  249;  Macadam's  system  (846), 
251 ;  effects  of  subsoil  on  the  method 
adopted  (849),  252  ;  method  adopted  at 
the  present  time  (351),  253 ;  width  of 
roads  (352),  254  ;  contour  and  minimum 
gradients  (853),  255 ;  details  of  county 
and  suburban  (3154),  256  ;  steam-rolling, 
how  arranged  (356),  258*;  cost  of  rolling 
bottoming  (366),  268. 
Rollers,  width  of  tires  or  rolls  (16),  37 ; 
Roller  (horse),  first  made  in  France  (288), 

215  ;  patented  in  this  country  (288),  215  ; 
(steam),  first  patented  in  France  (291), 

216  ;  Gellerat  &;  Co.'s,  Paris  (291),  216  ; 
first  attempt  to  make  in  this  country  by 
Messrs.  Clark  &;  Batho  (292),  216  ;  Clark 
Si  Batho's  sent  to  Bombay  and  Calcutta 
(292),  216,  217 ;  first  successful,  made  in 
England  (298),  217;   Liverpool  (298), 

217  ;  first  introduced  into  Scotland  (294), 
217  ;  Aveling  &  Porter's  latest  design  of 
15  ton  convertible  (295),  217  ;  number 
constructed  by  Aveling  &  Porter  to  the 
present  time  (296),  217  ;  other  principal 
makers  in  this  country  and  in  U.S.A. 
(296),  217  ;  different  types  made,  weight 
and  construction  (297),  220  ;  description 
of  Aveling  k  Porter's  15  ton  (297),  220- 
222 ;  selection  of,  in  regard  to  total  weight, 
nnd  weight  per  inch  of  bearing  surface 
(297-800),  222,  228;  compared  with 
wheels  of  vehicles  (299),  223  ;  Quantity 
of  macadam  consolidated  by  different 
weights  of  (301),  224;  hiring  of  (307), 

228  ;   system  a«i opted  in  France  (808), 

229  ;  repairs  to  (309),  229  ;  Mr  Hooley's 
experience  (809),  230  ;  iiuml)er  employed 
in  London  and  area  of  macadamized  roads 
there  (310),  230  ;  cost  of,  and  accessories 
(311),  230 ;  as  scarifiers,  with  spikes 
fixed  in  driving-wheels  (332),  242. 

Rolling  by  horse  -  power,  first  practical 
steps  taken  in  this  country  by  Sir 
J.  F.  Burgoyne,  RE.  (287),  215; 
Mr.  F.  A.  Paget's  remarks  on  (289), 
215 ;  by  horses,  diflaculties  insepar- 
able from  this  method  (290),  216 ; 
steam,  advantages  of  (296),  220  ;  cost  of 
(802),  224  ;  binding  material  (303),  226  ; 
binding,  sufficient  in  crust  of  old  roa<is 
when  light  repairs  are  carried  out  (804), 
227 ;  best  wearing  results  obtained  by 
using  small  quantities  of  binding  (305), 
227  ;  mileage  which  can  be  undertaken 
by  one  roller  (306),  228. 

Road  maintenance — wear  on  roads — Sir  J. 
MacneilPs  remarks  on  (367),  258,  259 ; 
repairs  by  patching  (358),  259  ;  quantity 
of^  metalling  applied  per  annum  (359), 
269 ;  depends  mainly  on  the  quality  of 
the  material  (860),  260 ;  cost  of  (861), 
261 ;  methods  of  repairing  (364),  262  ; 
area  of  road  surface  which  a  cubic  yard 
of  metalling  will    spread  (866),    262; 


stocking  old  surface  of  roads  (366), 
268 ;  tune  of  year  repairs  carried  out 
(866),  264 ;  use  of  trestles  (367),  264 ; 
composition  of  the  crust  of  roads  (868, 
369),  265;  Mr.  Codrington's  experiments 
(369),  265  ;  coatings  containing  an  ab- 
normal amount  of  detritus  (870),  266  ; 
rolling  patchwork  (872),  267  ;  cost  of 
(878),  268  ;  amount  necessary  (382),  274 ; 
when  hand-broken  metalling  is  applied 
(383),  276 ;  continuous  coatings  of 
metalling  (374),  268  ;  method  adopted 
in  arranging  operations  (878),  270 ; 
haulage  of  materials,  how  arranged 
(379),  273;  sprtodiug  the  metal- 
ling (380),  273 ;  binding  material  and 
artificial  watering  (381),  273;  traffic 
carried  on  narrow  wheels  (884),  275 ; 
thickness  of  metalling  when  consolidated 
by  rolling  (889),  277  ;  method  of  arriv- 
ing at  the  probable  cost  of  repairing 
roads  (390),  278  ;  example  taken  from 
actual  practice,  278-284 ;  cost  of  light 
repairs  ^391),  284  ;  old  and  new  systems 
compared  (392),  285 ;  examples  of,  on 
different  roads,  taken  from  actual  prac- 
tice, 285-289  ;  conclusions  arrived  at 
from  comparisons  (393),  289 ;  economy 
of  maintenance  secured  by  using  the 
best  materials  procurable  (394),  289 ; 
surfacing  roads  (395),  289  ;  subsequent 
labour  on  rolled  roads  (397),  290  ;  tools 
required  by  roadmen  for  surfece  work 
(398),  291 ;  horse-scraping  and  sweeping 
machines  (399),  292  ;  effects  of  alternat- 
ing frost  and  thaw  (400),  293  ;  amount 
and  cost  of  work  done  by  scraping- 
machines,  and  b^  hand  (401),  293 ; 
first  cost  and  repairs  on  machines  (402), 
294 ;  road-cage  dressing  machine, amount 
and  cost  of  work  (403),  294  ;  engine-shed 
and  store,  description  of  (404),  296- 
297  ;  cost  of  erecting  (405),  297 ;  sheds 
or  huts  for  roadmen's  tools  (406),  297  ; 
purchasing  tools  and  general  stores 
(407),  297;  rules  and  regulations  for 
guidance  of  r^Mulmen  (408),  298 ;  foot- 
paths (409),  298 ;  milestones  and  direc- 
tion boards  (410),  299  ;  annual  estimates 
and  actual  expenditure  of  road  repairs 
(411),  299. 

Rock  cuttings  (44),  54. 

Rock  drills  (power),  construction  of  (169), 
119;  hand-power  (170),  120;  different 
types  (171),  120 ;  requirements  of 
(Andr^)  (171),  120  ;  tappet  (172),  121  ; 
with  steam-thrown  valves  (178),  121  ; 
'  Ingei-soll  -  Sergeant,'  details  of  con- 
struction (174, 175),  122-126 ;  *  Hirnant ' 
(176),  126;  compound  (177),  128; 
tripods  for  fixing  machine  (178),  128 ; 
for  IngersoU- Sergeant  (178),  129;  for 
Hirnant  (178),  129;  drill-bits  (179), 
ISO;    tempering    (180),    131;    motive 
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power  (181),  182 ;  comparatiye  trials  of 
(182),  182;  amount  of  work  done  by 
(188),  141 ;  cost  of  working  (217),  167. 

Roman  roads,  1 ;  in  Britain,  6 ;  pave- 
ments (412),  300. 

Bubble,  foundations,  handset,  for  carriage- 
ways (429),  810. 

Eutty's  scarifying  machine  (1884),  descrip- 
tion of  (817).  238 ;  that  of  1896  (824), 
289 ;  amount  of  work  accomplished  by 
(886),  244  ;  cost  of  work  (337),  244. 


S 


Safb  load  on  foundations  (89),  75. 

Sand  pump  for  bore-holes  (187),  140. 

Sandstones  (127),  94. 

Sanitary  block  pavement  (521),  867  ;  tiles 
for  paving  footways  (587),  394. 

Scarifying  machines  (812),  231  ;  Clay's 
patented  in  1817  (818),  231 ;  essential  for 
road  maintenance  (314),  232 ;  qualifica- 
tions necessary  (815),  282 ;  different 
makers  of  (816),  282 ;  Rutty's  1884 
(817),  238  ;  Vosey  k  Hosack's  (318), 
284;  Jackson's  (819),  235;  Wallis's 
(road  pecking)  (820),  235  ;  Henderson's 
(321),  236 ;  Fowler's  (322),  287 ;  Mor- 
rison's (Aveling  k  Porter)  (328),  237  ; 
Rutty's  1896  (324),  239;  Burrell  & 
Rutty's  (road-breaking  machine)  (325), 
239 ;  Fowler's  (Fowler  k  Benstead) 
(326),  240;  Marshall's  (827),  240; 
Bomford's  (Kddison  k  De  Mattos)  (328), 
240  ;  Hosack's  (829),  241 ;  crushing  of 
metal,  how  obviated  (330),  241 ;  road- 
rollers  supplied  with  spikes  (832),  242  ; 
horse,  used  in  U.S.A.  (332),  242 ; 
best  description  to  adopt  (838),  242  ;  by 
hand  picking  or  manual  labour  and  cost 
of  (334,  335),  243  ;  Rutty,  amount  of 
work  done  by  (836),  244  ;  cost  of  work- 
ing (337),  244  ;  Morrison's,  amount  of 
work  done  by  (838),  245  ;  cost  of  work- 
ing (339),  247  ;  use  of,  extending  (340), 
248  ;  and  hand  picking  compared  (341), 
248 ;  method  of  applying  (385),  275 ; 
and  screening  the  old  metalling  (386), 
276. 

Scraping  and  sweeping  machines  (899), 
292  ;  amount  and  cost  of  work  done  by, 
also  by  hand-labour  (401),  293;  first 
cost  of  and  repairs  (402),  294. 

Screening  and  loading  arrangement  (stone- 
breaking)  adopted  by  Marsden  and  by 
Mason  (271),  205. 

Series  circuit,  blasting  (206),  158  ;  and 
parallel  (206),  159. 

Setts  or  pitched  pavemient  first  used  in 
London  (418),  304  ;  paving  (431),  312  ; 
quality  and  source  of  supply  (437),  816  ; 
supplied  from  the  continent  (438),  317  ; 


cost  of  per  ton  in  different  towns,  and 
cost  of  joint  filling  (441),  818,  319. 

Sheds  or  huts  for  roadmen's  tools  (406), 
297. 

Shot-holes,  boring  the  (187),  188;  size 
and  depth  (187),  189 ;  charging  of  the 
(199),  151. 

Shrewsbury  and  Holyhead  road,  21. 

Side  slopes  (42),  54. 

Side-long  ground,  embankments  on  (49), 
55. 

Siemens'  exploder  (209),  162. 

Single  and  double  hand  drilling  (162), 
115. 

Sites  for  bridges,  selecting  (86),  74. 

Size  of  cutting  edge  of  hand- drills  (158), 
114. 

Slaff,  ironstone  and  copper  (128),  94. 

Sledging  the  rock  for  hand  or  machine 
breaking  (221),  169. 

Slips,  land  (46).  55. 

Slopes,  side  (42),  54 ;  natural,  of  earth 
(43),  table  vii.,  54  ;  finishing  (58),  58  ; 
drainage  of  (54),  58. 

Sludge  in  bore-holes,  removing  (164),  116. 

Smith's  blasting  machine  (Raekbar  ex- 
ploder) (209,  210),  162. 

Snowstorms  and  close  fences  (118),  89. 

Soils,  different  (60,  61),  60. 

Source  of  supply  of  road  stones  and  setts 
for  streets  (145-151),  110,  111  ;  foreign 
competition  (152),  111, 

Spandril  walls  (102),  81. 

Specification  for  making  the  Highland 
roads,  Telford,  15  ;  for  the  maintenance 
of  roads,  Telford,  25. 

Springs,  effect  of,  on  vehicles  (20),  41. 

Standard  or  scale  of  comparison  of  road 
stones  (144),  108. 

Stead's  wood  pavement  (448),  328. 

Steam  thrown  valve  drilling  machines 
(173),  121. 

Steam  haulage  of  metalling  (279,  280), 
209,  210  ;  bv  contract  (281),  212. 

Steel  trough  decking  (80,  110),  71,  87; 
improvement  to  approaches  of  bridges, 
by  substituting  ttiis  for  arches  (111), 
87  ;  comparative  cost  of  (111),  87. 

Stone  breaking  (285),  180;  General  con- 
ditions relative  to  hand-broken  macadam 
(236),  180 ;  screening  hand-broken 
metalling  (237),  181 ;  quantity  of  mac- 
adam broken  by  hand  per  day  (238), 
181  ;  cost  of  this  (239),  81  ;  machines, 
requirements  of  (242),  182  ;  mechanical 
details  (242,  249),  183, 185  ;  advantages 
of  (243),  188  ;  an-angement  of  (244), 
184  ;  sets  of  (247),  185  ;  Blake's,  intro- 
duced into  England  (248),  185  ;  Blake's 
original  description  of  (250),  186 ; 
Archer's  (251),  187  ;  as  furtiier  im- 
proved (252),  187;  different  forms 
adopted  by  quarry  owners  (258),  187; 
'Excelsior'  (Hope's)  (254),  187;  Mars- 
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den's  (256),  189 ;  Blake-Marsden  (257), 
190 ;  Hall's,  Broadbent's,  and  Mason's 
(268),  190  ;  Baxter's  patent,  description 
of  workinjj  parts  (260),  191, 194  ;  lifting 
and  lowenng  arrangement  as  applied  to 
(261),  194,  195;  elevator  belt  and 
buckets  (262),  196 ;  motive  power  re- 
quired to  drive  (263),  196  ;  setting  and 
working  (264),  196-198 ;  maximum 
gauge  of  macadam  determined  by  size 
of  holes  in  top  screen  (265),  198  ;  ar- 
rangement for  lifting  and  replacing 
jaws  (265),  199;  removing  top  screen 
when  travelling,  arrangement  for  (266), 
199  ;  quantity  of  macadam  broken  and 
cost  per  ton  (267),  200-202  ;  capabilities 
of  (268),  203;  amount  of  work  per- 
formed by  working  parts  and  cost  of 
renewals  (269),  203  ;  storing  of  mac- 
adam (270),  204  ;  Gates'  crusher  (272), 
205;  trials  of  (272),  207. 

Store  for  keeping  explosives  (280),  175 ; 
excerpt  from  *  Explosives  Act '  (230), 
175 ;  description  of  (231),  176  ;  con- 
stniction  of  (281),  177,  178  ;  cost  of 
erection  (233),  179. 

Store  and  engine  shed  (404),  295  ;  cost 
of  erecting  (405),  297. 

Stores,  general  and  tools,  purchase  of 
(407),  297. 

Storing  macadam  from  breaking  machine 
in  quarries,  cost  of  (282),  212. 

Streets,  see  Carriageways. 

Street  traffic,  congestion  of  (421),  305. 

Stripping  quarries,  when  and  how  carried 
out  (184),  135. 

Stuart's  granolithic  tn  situ  pavements 
(580),  392. 

Subsoil  drainage  (59),  60 ;  effects  of,  on 
methods  of  consti-uction  (349),  252. 

Subways  for  gas  and  water  mains,  service 

Sipes,  electric  wires,  and  other  con- 
uctors  (589),  896 ;  necessity  for  (591), 
396  ;  tracing  leakages  in  carriageways 
and  repairing  mains  in  London,  cost  of 
(592),  397  ;  early,  Liverpool,  London, 
and  Nottingham  (593),  397,  398  ;  St. 
Helen's  (594),  898 ;  cost  of  construc- 
tion (594-606),  399,  402 ;  defects  of,  in 
London  (595), 399 ;  necessary  in  principal 
streets  of  towns  (596),  899  ;  where  non- 
existent, cost  of  annual  disturbance  and 
reinstatement  in  London,  loss  through 
leaki^ge,  etc.  (597),  399 ;  ventilation  of 
(598),  400 ;  regulations  by  London 
County  Council,  etc.  (599,  600),  400 ; 
construction  of  laterals  (601),  400,  401 ; 
methods  adopted  for  underground  rail- 
ways applicable  (602),  401 ;  rolling 
stock  for,  cranes  and  hoists  for  handling 
pipes,  electricity  (608,  604),  401  ;  diffi- 
culties of  construction  (605),  402  ;  first 
cost  and  probable  ultimate  saving  by 
constructing  (607),  402 ;  for  pedestrian 


traffic,  Mansion  Houfle,  London  (608), 
402,  403. 

Surcharged  retaining  walls  (67),  66  ; 
Molesworth's  rule  for  thickness  of,  67. 

Surfacing  macadamized  roads  (895),  289 ; 
comparison  of,  on  traffic  made  and  steam 
rolled  roads  (395),  290 ;  subsequent 
labour  on  rolled  roads  (397),  290. 

Sydney,  New  South  Wales,  wood  pave- 
ments (470,  473),  834,  385. 

Syenite  (119),  92. 

Syenite-porphyry  (120),  92. 

Sykes'  stoneware  and  iron  gullies  (561), 
886. 

System  of  haulage  adopted  in  U.S.  A.  (286), 
214. 


Tables — 

1.  Resistance  to  traction  on  level  roads 

made  with  different  descriptions  of 
material,  29. 

2.  Tractive  force  or  draught  on  different 

descriptions  of  roads,  31. 

3.  Effect  of  gradients  upon  loads  which 

a  horse  can  draw,  34. 

4.  Weight,  horse-power,  and  wheels  of 

vehicles  on  common  roads — 1809, 
85. 

5.  Width  of  tires  and  weights  carried  by 

vehicles  in  1831 ;  Sir  J.  Macneill's 
evidence  before  Committee  on 
Steam  Carriages,  36. 

6.  Weights  carried  by  various  vehicles 

under  varying  conditions,  traction 
engines,  steam  rollers,  wagons, 
carts,  38. 

7.  Natural  slopes  of  earths,  54. 

8.  Thickness  of  retaining  walls,  Traut- 

wino's  rule,  66. 

9.  Depth  of  arch  stones.  Prof.  Bankine's 

rule,  80. 

10.  Thickness  for   brick  arches  of  dif- 

ferent spans,  81. 

11.  Chemical  analyses  showing  composi- 

tion of  different  rocks,  95. 

12.  Abrasion  tests  of  road -stone,  dry  and 

wet,  by  Mr.  E.  J.  Lovegrove,  98. 
18.  Do.  do.  do.,  99. 

14.  Showing  proportion  of  absorption  of 

water  by  different  stones,  101. 

15.  Showingnumerical  value  of  quality  of 

road-stone  adopted  by  the  Admin- 
istration des  Fonts  et  Chauss^, 
France,  103. 

16.  Showing  results  of  abrasion  tests,  ex- 

Seriments  by  Professor  Elliot  on 
ifferent  stones,  104. 

17.  Absorption  tests  by  Professor  Elliot, 

105. 
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18.  Rock  drilling  by  hand,  number  of 

cylindrical  inches  bored  in  various 
rocks,  118. 

19.  Comparaiive  coat  of  drilling  by  hand 

in  different  rocks,  119. 

20.  Cost   of   working   mechanical   rock 

drills,  167. 

21.  Coat  of  quarrying  rock  per  ton,  by 

machinery,  including  sledging,  170. 

22.  Actual  cost  of  quarrying   in   road- 

stone  quarry  No,  1,  171. 

23.  Do.  do.  No.  2,  171. 

24.  Do.  do.  No.  8,  172. 
26.  Cost  of  quarrying  one  ton  of  rock  by 

manual  labour,  174. 

26.  Excerpt  from  'Explosives  Act,'  175. 

27,  28.  Cost  of  breaking    macadam  by 

machinery,  201,  202. 
29,  Amount  of  work  performed  by  work- 
ing   parts    and   cost  of   renewals 
(Baxter's  stone-breaking  machine), 
204. 

80.  Showing  avere^  cost  of  haulage  per 

ton-mile,  208. 

81.  Record  of  weight  of  macadam  broken 

for  fixing  cost  of  haulage,  209. 

82.  Cost  of  one  day's  work  steam  haul- 

age, 210. 

83.  Weight  of  rollers  and  pressure  per 

inch  of  bearing  surface  of  rolls, 
222. 

84.  Cost  of  steam-rolling,  per  day,  225. 

85.  Cost  of  steam  rollers  and  accessories, 

231. 

86.  Cost  of  one  day's  work ;   Morrison's 

scarifier  (AvelingA  Porter),  247. 

87.  Showing  cost  per  ton  of  metalling 

consolidated,  279. 

88.  Form  of  estimate  of  probable  expen- 

diture in  connection  with  repairing 
roads,  including  quarrying,  break- 
ing, haulage,  and  rolling,  282, 
283. 

89.  Showing  cost  of   surface    labour  by 

the  patching  system,  and  on  roads 
where  the  coatings  are  consolidated 
by  rolling,  290. 

40.  Traction  on    level    roads  formed  of 

different  materials,  asphalte  being 
taken  as  the  standard  of  excel- 
lence, 302. 

41.  Showing    description    of    material, 

draught,  fraction  of  load,  and  trac- 
tive force  in  terms  of  the  load,  308. 

42.  Showing    size    of    different    stones 

adopted  for  pitched  pavements, 
with  the  superficial  area  which  one 
ton  will  cover,  812. 


Tabl  es — carUinued. 

43.  Sources  of  supply  of  paving    setts, 

name  of  quarry  and  description  of 
stone,  317. 

44.  Source  of  supply  of  setts  and  cost 

per  ton,  in  different  cities,  318. 

45.  Showing    first    cost,    description    of 

foundation  and  class  of  setts  used, 
annual  repairs,  cleansing,  and  life- 
time of  carriageways  paved  with 
setts  in  the  chief  cities  and  towns 
in  the  kingdom,  320,  321. 

46.  Showing  ultimate  annual  total  cost 

of  repairs  and  cleansing  during  the 
lifetime  of  a  pitched  pavement, 
822. 

47.  Comparative  expansion  of  plain  and 

oreosoted  deal  blocks,  329. 

48.  Comparative  weight  of  plain  blocks 

of  wood  and  those  impregnated 
with  creosote  oil,  330. 

49.  Amount    of  traffic    and   wear    per 

annum  of  hard-wood  pavements  in 
the  Lambeth  district,  London, 
341.  ^  ,^^ 

50.  Traffic  on  certain  thoroughfares,  re- 

duced to  a  standard,  and  compara- 
tive wear  of  soft  woods,  342. 

51.  Particulars    of    cost    of   hard- wood 

pavements  in  Lambeth  district, 
London,  343. 

52.  Showing  particulars  as  to  description 

of  foundations,  class  of  wood  used, 
methods  of  laying  and  forming  the 
joints,  cost  and  annual  amount  of 
repairs,  and  the  life  service  of  wood 
pavements  in  the  principal  cities 
and  towns  in  the  kingdom,  344, 
345. 

53.  Showing  average  annual  cost  of  re- 

payment of  loan  at  3}  per  cent., 
spread  over  period  of  duration  of 
wood,  on  one  mile  of  roadway  40 
feet  wide,  347. 

54.  Showing  first  cost  of  asphalte  pave- 

ments, and  cost  of  maintenance, 
per  square  yard,  for  a  series  of 
years,  per  contract,  357. 

55.  Do.  do.,  more  recent 
figures,  358. 

56.  Showing  properties  of  materials  and 

tar  for  tar-macadam  pavements, 
369. 

57.  Showing    cost    of    tar-macadam    at 

Canterbury,  370. 

58.  Comparative  slipperiness  of  carriage- 

way pavements,  375. 

59.  Showing  comparison   of  merits  and 

objections  of  different  classes  of 
pavements,  877. 
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60.  Traffic  records  over  some  thorongh- 

fares  iu  London,  379. 

61.  Record  table  of  street  traffic;  form 

adopted  in  London,  380. 

Tamping  the  shot-holes  (203),  155  ;  damage 
to  wires  (203),  156  ;  rod,  form  sometimt-s 
used  (203),  157. 

Tangent  and  gradient  pegs  (54),  58. 

Tappet  drills  (172),  121. 

Tar-macadam,  methods  of  drying  the 
stones,  quantity  of  tar  employed,  com- 
position, cost,  where  used  (522-530), 
387-371. 

Tar  concrete  pavement  for  footways  (577, 
578),  890,  391. 

Team  haulage,  cost  of  (276),  208  ;  advan- 
tages of  (277),  208. 

Telford,  14 ;  Glasgow  and  Carlisle  road, 
19;  Shrewsbury  and  Holyhead  road, 
21  ;  system  and  specification  for  new 
roads  (344,  345),  249,  250;  and  Mac- 
adam's systems  of  construction,  advan- 
tages and  defects  of  (347),  251. 

Thawing  frozen  explosives,  by  warming 
pans  and  other  means  (194,  195),  146. 

Tiles  or  bricks  for  paving  footways  (584), 
394. 

Timber  bridges  (108),  84. 

Timber  platform  foundations  (91),  76. 

Tip-carts  only  should  be  employed  for 
conveying  metalling  (274),  207. 

Tires,  wide  and  narrow  (14),  37  ;  width 
of,  on  road-rollers  and  wagons  (15), 
and  on  traction-engine  wheels  (16),  37  ; 
improvement  of,  in  traction  and  road- 
engines  (18),  40. 

Tirring  or  stripping  quarries  (155),  114. 

Tools  required  by  roadmen  for  snrface 
work  (398),  291. 

Tools  and  general  stores,  purchase  of  (407), 
297. 

Topography  (27),  44. 

Toughness,  road-stones  (180),  96. 

Towns,  intermediate,  in  laying  out  new 
roads  (36),  47. 

Traction-engines,  improvement  of  wheel 
tires  on,  or  road  -  engines,  BouUon's 
flexible  tires  (18),  40 ;  Ashton-upon- 
Lyno,  Town  Council's  recommendation 
as  to,  40. 

Tractive  force  exerted  by  horses  (2),  29. 

Traffic  in  cities,  record  of  (547),  879. 

Transverse  balancing  (41),  53. 

Traps,  sand,  or  gnllies  (63),  62. 

Trestles  on  roads,  use  of  (367),  264. 

Trials  of  stone-breakers  (272),  207. 

Trinidad  asphalte  for  carriageways  and 
footways  (492,  575),  351,  390. 

Tripods  for  rock  drills  (178),  128. 

Trough  decking,  steel  (80,  110),  71,  87. 

Turnpike  system,  great  opposition  to,  in 
some  parts  of  the  country,  10  ;  system 


and  present  method  of  raising  revenue, 
26 ;  General  Act  (1^23)  regulates 
weights  carried  by  vehicles  (12),  36. 


Valley  lines  (29),  44. 

Vehicles  with  narrow  wheel  tire*  (17),  39. 

ViTtical  curves,  on  gradients  (85),  47. 

Viagraph,  description  of,  for  taking  pro- 
file of  road  surfaces,  autograph  records 
of  different  roads  (614),  420-425. 

Victor  blasting  machine  (209),  162. 

Volley  firers,  blasting  (213),  164. 

Voysey  k  Hosack's  scarifier  (macadam) 
(318),  234. 


W 


Wadk's,  General,  roads,  9. 

Wallis's  road-pecking  machine  (320),  235. 

Walls,  retaining  (65),  64  ; 'dimensions  of 
(66),  65;  surcharged  (67),  66 ;  Sir  B. 
Baker  on  (69),  67;  breast  (70),  68; 
spandril  (102),  81. 

Wanning  pans  for  thawing  frozen  ex- 
plosives (194),  146. 

Watering,  artificial,  in  oonnection  with 
rolling  operations  (381),  273. 

Waterway  of  culverts  (72),  68  ;  rivers, 
bridges  (87),  74. 

Wear  on  roads.  Sir  J.  Macneill's  observa- 
tions (357),  258. 

Weather  resistance,  road-stone  (ISO),-  96. 

Weathering  test,  road-stone  (135),  102. 

Wedges  and  striking  blocks  for  bridge 
centres  (105),  83 ;  substitute  for,  iron 
pipes  (107),  84. 

Weights  carried  by  vehicles,  'General 
Turnpike  Act'  regulations,  1823,  (12), 
36. 

WestmiTisUr  Review  remarks  on  Macadam 
and  his  system,  14. 

Wet  bore-holes,  different  explosives  in  re- 
lation to  (193),  145. 

Wheels  and  weights  on  them  (10),  34  ; 
conical,  dished  or  slightly  conical  (11), 
35 ;  width  of  tire  and  weights  carried. 
County  Councils  empowered  to  make 
bye-laws  (13),  36 ;  wide  and  narrow 
tires  (14),  36,  37 ;  width  of  tires.  Mac- 
adam's opinion  as  to  (14),  37  ;  wagon 
tires  (15),  37 ;  tires  of  traction  engines 
(16),  37  ;  vehicles  with  narrow  tires  (17), 
39 ;  excessive  weights  carried  on  (19), 
41 ;  narrow,  of  vehicles,  effect  on  hand- 
broken  macadam  coatings  (384),  275. 

Width  of  macadamized  roads  (352),  254  ; 
of  carriageways  (420),  305. 

Wings,  use  of,  on  drill  bits,  in  seamy  rock 
(179),  181, 
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Wood  payements,  first  introduced  into 
London,  early  descriptions  used, 
methods  of  construction,  soft  woods, 
hard  woods,  laying,  joints,  expansion 
joints,  wear,  relative  Ufe  service  of  soft 
and  hard  woods,  cost  (446-482),  828- 
847 ;  hard,  wear  of,  in  Lambeth  and  St 
Pancras  districts,  London  (479),  888- 
840. 

Work  done  by  machine  rock  drill  (188), 
141. 

Working  a  stone-breaking  machine  (264), 
196. 


Working  plans  and  sections,  etc.,  for  new 
roads  (85),  47. 


X-BITS,  for  machine  drilling  (179),  131. 


Yorkshire  flags  for  footways  (569),  389. 
Young,  Arthur,  on  the  condition  of  the 
roads  in  1770,  9. 
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LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET,  STRANG 


JO  CHARLES  OMIFFiy  4k  OO.'S  PUBLICATIONS, 

Sbgond  Edition,  Revised.      With  nnmerom  Plates  reduced  from 
Working  Drawings  and  280  Illustrations  in  the  Text.     21a 

A     MANUAL     OF 

LOCOMOTIVE    ENGINEERING: 

A  Praetieal  Text-Book  for  the  Use  of  Engine  fioilders. 

Designers  and  Draughtsmen,  Railway 

Engineers,  and  Students. 

WILLIAM  FRANK  PETTIOREW,  M.Inst.CK 

With  a  Section  on  American  and  Continental  Bngtnea. 

bt  albert  F.  RAVENSHEAR,  RSc, 

Of  Hia  Majesty'a  Patent  OIBm. 

ClM<tiiM.  —  Hlstorio&I    IntrodQotlon.    176S- 1868.  — Modern    LocomotlTea :     aimple.^ 
Modern   LocomotiTes:    Compound.      Primary  Considenitfon   in   LocomotlTe  Dea^n.— 

allndera,  Steem  Cheats,  end  Stoi&nc  Bozaa.^PiatoDB,  Platon  Roda,  Oroaaheed^  end 
da  Beta.— Connecting  and  Conpling  Boda.— Wi>eelB  and  Azlea,  Axle  Bozea,  HombUMdcSi 
•nd  Bearing  Springa.—BelaDclnp.— YfrlYe  Gear.— Slide  Y&lTea  and  Valye  Gear  DetaOa.— 
Frftming,  Bogiea  and  Axle  Trucka,  Badial  Axle  Boxes.— Boiler8.—Smokebox  Blaot  Pipe, 
firebox  Fittlnga.— Boiler  Monntinga.— Tendera.  Railway  Brakea.— Lubrication.- OoB- 
Bsmption  of  Fuel.  Eyaporation  and  En«rine  KfBciency.— American  LoeomotlTea  ^'Coo- 
linental  LocomotlTea.— Bepeira,  Banning,  Inapection,  and  Benewala.— Three  Appendloea. 


"likely  to  remain  for  many  yeara  the  Btaitdabd  Wobk  for  those  wtehlng  to  lews 

'^  A  moat  interesting  and  valuable  addition  to  the  bibliography  of  the  LooomottTe."— 
Jtotftfoy  OgMeU  OatUtt. 

**  we  recommend  the  book  aa  THono'  f;KLT  PKAoncAL  In  ita  charaoter,  and  loaunva  a 
WLAcm  IV  AST  ooLLBcnox  Of    .    .    .    worka  on  Locomotive  ]fingineering."'-i2«i/fla^  Nmn. 

"like  work  ooirAnra  all  that  cav  bb  LXASirr  from  a  book  npon  anoh  a  anbjeot  It 
will  at  oaoe  rank  aa  thb  arAimABD  wobk  upon  this  ncroBTAirT  auBJBcr.*'— JSetiwcf  Mia§tuim«. 


in  Large  8vo.     Handiome  Cloth.     WUh  Plates  and  /Uu8traii9n§,     169. 

AT  HOME  AND  ABROAD. 
By   WILLIAM    HENRY   OOLE,   M.Inbt.O.E., 

Late  Deputy-Manager,  North- Western  Railway,  India. 
Contenta.—DiBCJiBBion  of  the  Term  **  Light  lUilwayB."— English  Railways, 
Rates,  and  Farmers.  — Lijgfht  Railways  m  Belgium,  France,  Italy,  other 
European  Countries,  America  and  the  Colonies,  India,  Ireland. —Road  Trans- 
Dort  as  an  alternative. —The  Light  Railways  Act,  1896.— The  Question  of 
Gauge. — Construction  and  Working. — Locomotives  and  RoUing-Stock. — Light 
Railways  in  England,  Scotland,  and  Wales.— Appendices  and  fndex. 

*'  Mr.  W.  H.  Cole  has  brought  together  ...  a  labob  ax oditt  of  taluablb  otobva- 
nov    .    .    .    hitherto  practically  inaoceaalble  to  thn  ordinary  reader."— lYme*. 

"  Will  remain,  for  some  time  yet  a  Staxdabd  Work  in  everything  relating  to  Light 
BaOwara. "— #fi0iMar. 

'*  ne  author  haa  extended  praotical  exoerienoe  that  makes  the  book  Inoid  and  naefal. 
It  laBZOBBDnroLT  well  done.'*— At^fMcrta^. 

**The  whole  subject  ia  BZHAusTrvsLT  and  practigallt  considered.  The  work  can  be 
eordlally  recommended  as  nrrupsirsABLB  to  those  whoae  duty  it  ia  to  become  aoqoalnied 
with  ono  of  the  prime  necessities  of  the  immediate  future  "^Railwap  OOicial  QmutU 

''Thbbb  oould  be  mo  bbitbb  book  of  first  reference  on  ita  subject.  All  oliese*  of 
■ngineers  will  welcome  itfi  appearance.  '—Seoitnum. 

LONDON :  CHARLES  GRIFFIN  k  CO.,  LIMITED,  EXETER  STREET.  STRANO 


ENOINEBRINO  AND  MEOHANIOB.  31 

Sboovd  Edition,  Kevised.      With  Numerous  Illiuiraiictu. 
Price  79.  6d. 

VALVES  AND  VALVE-GEARING: 

INCLUDING   THE   CORLISS    VALVE  AND 
TRIP  GEARS, 

CHARLES    HURST,   Practical   braughtaman. 

"  Oovciss  mmlanfttioiiA  Uliutratod  bj  116  tbiit  cuuk  ])IA«kamii  and  drawingt  Md  4  frUlhir 
fUtas    .    .    .    toe  book  ftilflli«TALUABLiftinetkm/'—^(A«iMn»m. 

"Mk.  Huw'8  taltu  and  yAvn^MAtan^  will  proT«  a  very  valuable  aid«  and  tend  to  the 
produoticmof  BDCtneeofsoiirriric  DMionand  icoiroMiCAL  woAKiiia.  .  .  .  Willbelangely 
wof ht  after  by  Stadenta  and  Deelfnen."— JfaHne  JBngimter. 

^*  UnvcL  and  THoaoxioHLT  rmkanokh.  Will  undoubtedly  be  found  of  akbat  taujb  to 
ftU  oonosrned  ivtth  the  daaifn  of  ValTA-gearing."— i/eeAonioa/  World. 

"  ASmoat  xtbxt  rm  of  taltv  and  Ita  gearing  la  daarly  aet  forth,  and  Ulnttrated  la 
Moh  a  wfty  aa  to  be  ebai>ilt  t7«d«mtood  and  fraotioaixt  apfubd  by  either  the  Engtnaer, 
Dr»af  htaman,  or  Student  .  .  .  Should  prore  both  nsKrm.  and  TALUABLa  to  all  Eni^baMn 
■taking  for  uuabls  and  oliax  information  on  the  subject.  Ita  moderate  price  toinga  it 
within  the  reach  of  tJl^'—lndusirUt  amt  Iron. 

'*  Mr.  HuBflT**  work  is  adwmaxlt  raited  to  the  neads  of  the  praotleal  meohanlc  .  .  . 
It  is  free  from  any  elaborate  theoretloal  diaonaaions.  and  the  azplanatlona  of  the  Tarloni 
typee  of  Talve-gear  are  accompanied  by  diagrama  which  rendar  them  xasilt  uvnnuiToo*.*' 
— nht  8otm»Hfk  AmtHcmn. 


In  Paper  Boards,  8vo.,  Cloth  Baok.     Price  Is.  6d.  net. 

HINTS     ON 

steam  Engine  Design  and  Gonstrnction. 

BT 
AUTHOR  or  *'TALVBR  AlfD  VALTB  OBARDrO." 

WITH      NUMEROUS      I  LLU  8T  RAT  lOM  8, 

CONTENTS. 


I.  Steam  Pipes. 

II.  ValTts. 
ni.  Cylinders. 
lY.  Air  Painps  and  Condensers. 

y.  Motion  Work. 


VI.  Crank  Shafts  and  Pedestals. 
VII.  Valve  Gear. 
VIII.  Lubrication. 
IX.  Miscellaneous  Details. 
Index. 


▲  handy  Tolnxne  whicli  every  practioul  young  engineer  ahould  poaaeaa."— fV  Modv 


LONDON:  CHARLES  8RIFFIN  ft  00..  LIMITED.  EXETER  STREET,  8TRAN& 
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Large  8to,  Handsome  Cloth.     With  Illustrations,  Tables,  &o.     21b 

Lubrication  &  Lubricants: 

A    TREATISE    ON    THE 
THEORY  AND  PRACTICE  OF  LUBRICATION 

AND  ON   THE 

NATURE,   PROPERTIES,   AND   TESTING   OF   LUBRICANTS. 
By  LEONARD  ARCHBUTT,  RI.O.,  F.O.S., 

Chemist  to  th«  Midland  Bailwaj  Companj, 


R.    MOUNTFORD   DEELEY,    M.I.M.E.,   F.G.S., 

Midland  Railway  Locomotive  Works'  Manager,  Derby. 

(.ONTKNTS.— I.  Friction  of  Bolida.— II.  Liquid  Friction  or  Vigcoalty,  and  Plaatle 
Friction.— III.  Superficial  Tension.— IV.  The  Theory  of  Lubrication.— V.  Lubricanta, 
their  Sources,  Preparation,  and  Propertiee.— VI.  PhyBical  Propertiee  and  Methoda  ol 
Examination  of  Lubricants.— VII.  Chemical  Properties  and  Methods  of  SxaminatloB 
of  Lubricants.— VIII.  The  Systematic  Testing  of  Lubricants  by  Physical  and  Chemical 
Methods.— IX.  The  Mechanical  Testing  of  Lubricants.— X.  The  Design  and  Labricatkm 
of  Bearings.— XI.  The  Lubrication  of  Uachinery.— Index. 

"  Destined  to  become  a  CLAseio  on  the  subject."— /ndttf<r<M  amd  Iron. 

"  Contains  practically  all  that  is  known  on  the  subject.  Deserres  the  careful 
attention  of  all  Bngineers."— i{at2irav  OJMal  Quids. 


Third  Edition.     Fery/iitfy  IUuM$rat4d,    Cloth,  U.  CcL 

STEAM  -  BOILERS: 

THXnt    DSnSOTS,    MANAaEMXirr,    AKD    OONBTBUOTIOll. 

Bt  r  d.   munro, 

Chi^  Bngifusr  of  (As  Scottuh  BciUr  Intturatus  and  Engine  Impeetion  Compmnj. 

Gbnbral  Contents.— I.  Explosions  caused  (x)  by  Overheating  of  Plates— <■)  By 
Defective  and  Overloaded  Safety  Valves — (3)  By  Corrosion,  Internal  or  External— V4)  By 
Defective  Design  and  Construction  (Unsupported  Flue  Tubes ;  Unstrengthened  Maimoles ; 
Defective  Staying  ;  Strength  of  Rivetted  joints  ;  Factor  of  Safety)— II.  Construction  op 
Vbktical  Boilsrs:  Shells— Crown  Plates  and  Uptake  Tubes— Man-Holes,  Mud-Holes, 
and  Fire-Holes  —  Fireboxes  —  Mountings  —  Management  —  Cleaning — Table  of  Bursting 
Pressures  of  Steel  Boilers— Table  of  Rivetted  Joints — Specifications  and  Drawings  of 
Lancashire  Boiler  for  Working  Pressures  (a)  80  lbs. ;  (i)  900  lbs.  per  square  inch  respectively. 

"  A  valuable  companion  for  workmen  and  engineers  engaged  about  Steam  Boilcra,  ou^bt 
to  be  carefully  studied,  and  always  at  hand."— C«//.  Gnardian. 

"  The  book  is  vbry  useful,  especially  to  steam  users,  artisans  and  young  Engineers."— 
Sngi/$4tr.  

Br  THE  SAMS  Author. 

KITCHEN    BOILER    EXPLOSIONS:    Why 

they  Occur,  and  How  to  Preyent  their  Occurrence.  A  Pnictical  Hand- 
book based  on  Actual  Experiment.  With  Diagrams  and  Coloured  Plate, 
Price  3s. 


LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET.  STRAND. 


fCNOINJBJCRING  AND  MECHANlOa.  33 

Ready  Immediately.     In  Crown  Svo,  Handsome  Clolh,      With  Numerous 

lUustrations. 

EMERY  GRINDING  MACHINES. 

A  Text-Book  of  Workshop  Practice  in  General  Tool  Grinding, 

and  the  Design,  Construction,  and  Application 

of  the  Machines  Employed. 

BY 

R.  B.  HODGSON,  A.M.Inst.M.E., 

Author  of  "  Machines  and  Tools  Employed  in  the  Working  of  Sheet  Metals." 

Introduction. — ^Tool  Grinding. — Emery  Wheels. — Mounting  Emery  Wheels. 
— Emery  Rings  and  Cylinders.  — Conditions  to  Ensure  Efficient  Working. — 
Leading  Types  of  Machines.— Concave  and  Convex  Grinding. — Cup  and  Cone 
Machines.  —  Multiple  Grinding.  —  "Guest"  Universal  and  Cutter  Grinding 
Machines. —Ward  Universal  Cutter  Grinder.  —  Press. — Tool  Grinding.  —  Lathe 
Centre  Grinder. — Polishing. — Index. 


Fifth  Edition.     Folio,  strongly  half-bound,  21/. 

TRAVERSE  TABLES: 

Computed  to  Four  Plaees  of  Decimals  for  every  Minute 
of  Angle  up  to  100  of  Distance. 

For  the  use  of  Surveyors  and  Engineers. 

BY 

RICHARD  LLOYD  GURDEN, 

Authorised  Surveyor  for  the  GoTenunents  of  New  South  Wales  and 
Victoria. 

*«*  PkkUshtd  with  the  Cmuurrmei  tf  thi  Surveyors- Gmtrai  for  New  SoutA 
IVaUs  and  Victoria, 

"TImm  who  hare  exptrianc*  m  exact  Suxtky-womk  will  best  know  how  to  appvadat* 
the  aaarmotts  amount  of  labour  reprMantad  by  this  yahiaUa  book.  Tha  computatioiu 
enable  the  uaar  to  aacattain  the  anas  and  cosines  for  a  distance  of  twalre  miles  to  within 
half  an  inch,  and  this  by  aannuufcs  to  but  Om  Tablb.  in  place  of  liie  usual  Fifteen 
minute  eoanputatioiis  required.  Tbu  alooe  b  eridence  of  the  aisutance  which  the  Tables 
ensure  to  eirery  user,  and  as  every  Surveyor  in  actiTe  ptactioe  has  felt  the  want  of  such 
assiRtance    fbw   knowing    op    thbih    publication   will   xkuain   without   thbm." 

— Enfitutr, 

VUNDON :  CHARLES  QRIFFIN  «  CO.,  LIMITED,  EXETER  STREET.  STRAND, 
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WOBK8     BY 
ANDREW  JAMIESON,  M.Inst.CE.,  M.I.E.E.,  F.ILSJE^ 

Tfchmical  CoUtg: 


Formerly  Pref9t$^  ef  Eltcirital  Enfisurrimg^  Tfu  GLugtw  tmd  W*tt  of  Scotlmta. 


PB0PE880B  JAMIESON'S  ADVANCED  TEXT-B00K8. 
STEAM  AND  STEAM-ENGINES   (A  Text-Book  on). 

For   the    Use  of    Students    preparing   for  Competitive   Examinatioiis 
Witk  600  pp.,  oTcr  aoo  Illustrations,  6  Folding  Plates,  and  numerous 
Examination   Papers.    Thirteenth  Edition,  Revised.    8/6. 
"Pralbnor  J  ■ini— on  taacuurtM  the  reader  by  hie  CLBAsirass  of  concbftiom  amb 
<iM««Lu:iTr  or  axpsBSSioN.     Hie  treetment  recaHs  the  leotunag  of  Fereday. "-'Aiktnmum. 
'  The  Bbst  Book  yet  publiahed  Cor  the  uae  of  Students."— ^vwMvr. 

MAGNETISM   AND   ELECTRICITY  (An  Adyanced  Textr 

Book  on).  For  Advanced  and  **  Honours  "  Students.  By  Prof.  Jamieson, 
assisted  by  David  Robertson,  B.Sc,  Professor  of  Flectrical  Engineering  in 
the  Merchant  Venturers*  Technical  College,  Bristol.  [Shorify. 

APPUED  MECHANICS  (An  Advanced  Text-Book  on). 

Vol.  I. — Comprising  Part  I.:  The  Principle  of  Work  and  its  applica- 
tions; Part  XL:  Gearing.    Price  7B.6d.     Third  Edition. 

"FuiXY   MAINTAINS  the  reputAtiOD  of  the  Author.'*— ^rte^*.  SiutmMr. 

Vol.  II. — Comprising  Parts  III.  to  VI. :  Motion  and  Energy;  Graphic 
Statics;  Strength  of  Materials;  Hydraulics  and  Hydraulic  Machinery 
Second  Edition.    Ss.  6d. 

"Well  and  lucidly  written."— TA/  Sngituor. 

\*  F..tek  0/tJu  abtv*  vohtmta  is  com^UU  in  itstl/,  tmd  fid  Mpmr^Ufy. 

PBOFE88OB  JAMIKSON'S  IMTBODUCTOBT  MAKUALS. 

Crtwn  8tw.      tVith  lUuttratttMs  and  SjumimUien  Pa^i. 

STEAM    AND    THE    STEAM-ENGINE    (Elementary 

Manual  oO.    For  First- Year  Students.    Ninth  Edition,  Revised.    3/6. 

"  Should  be  in  the  hands  of  bvkrv  engineering  apprentice. " — Practical  Engifutt 

MAGNETISM  AND  ELECTRICITY  (Elementary  Manual 

of).     For  First-Year  Students.     Fifth  Edition.    3/6. 

"  A  CAPITAL  TEXT-BOOK  .  .  The  diagrams  are  an  important  feature."— >Sc^lM/«mwi:rr. 
"  A  THOEOUGHLV  TRUSTWORTHY  Text-book      PRACTICAL  and  dsaix."— Nature. 

APPLIED    MECHANICS    (Elementary    Manual   of). 

Specially    arranged    for    First- Year    Students.         Fifth    Edition, 
Revised.     3/6. 
"The  work  has  very  high  qualitika.  which    oiav  be  condensed  uto  the  one  woni 
'  CLEAR.'  "Science  and  A ri. 

In  Preparation.     300  pages.     Craitm  %vo.     Profusely  Illustrated, 

Modern  Electric  Tramway  Traction  : 

A  Text-Book  of  Present-Day  Praetlce. 

For  the  Use  of  Electrical  Engineering  Sivdent*  and  those  interetted  in  Sleetrie 
Transmission  of  Poroer. 

By  Prof.   ANDREW   JAMIESON. 


A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

For  the  Use  of  Electricians  and  Engineers.       Pocket  Size.      Leather, 
8s.  6d.     Sixteenth  Edition.  [See  pw  49. 

LOMDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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WORKS     BY 

W.  J.  MilGQUORM  RilMKIME,  LL.D.,  F.R.S., 

Ute  IftiuB  Prof— tor  of  OMt  Englnoortng  In  tho  UnluortHif  of  Qiuo§om. 
THOROUOHLT  KBTIftSD  BT 

W.     J.     MIL  LAB,     C.E., 

Lmko  ioorotmry  to  tho  /notliuio  of  Eit§inooro  an4  SMitMi^oro  tn  $09HmA 


A  MANUAL  OF  APPLIED  MECHANICS : 

Ooaqprifliiig  th«  Prinoiplet  of  Slatict  and  Cinematics,  and  Theoiy  tf 
StradmrM,  Mechaniim,  and  Maohineo.  With  Namerou  Diagraoi. 
Crown  8to,  cloth.     Sixtbbkth  Bditiok.     12ii.  6d. 


A  MANUAL  OF  CIVIL  ENGINEERING: 

Ovmpiinng  Engineering  Surveye,  Earthwork,  Foondationa,  Maaonrj,  Car> 
pentry,  Metal  Work,  Roads,  Railways,  Canals,  Riyen,  Waterworks. 
Harbours,  kc.     With  Nnmerons  Tables  and  Illustrations.     Crown  9r^ 

Oloth.       TWBNTY-FlRST    EDITION        I6s. 


A  MANUAL  OF  MACHINERT  AND  MILLWORK : 

Comprising  the  Geometry,  Motions,  Work,  Strength,  ConstmctioD,  aai 
Objects  of  Machines,  4o.  Dlustrated  with  nearly  800  Woodeuts. 
Crown  8to,  cloth.     Sbtxittb  Edition.     12s.  6d. 


A  MANUAL  OF  THE  STEAM-ENGINE  AND  OTHER 
PRIME  MOVERS: 

With  a  Section  on  Gab,  Oil,  and  Air  EnaiJiBS,  by  Bbyan  Donkdi^ 
M.Inst.  C.E.  With  Folding  Plates  and  Numerous  IllustratioM. 
Crown  8to,  cloth.    Fiftibbnth  Bditiox.     12b.  6d. 

UHOON:  CHARLES  aRIFFIK  A  CO^  LIMITED,  EXETER  STREET,  STRANa 
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Pmcm,  Kahilihm's  Works— (CMtfimMi^). 

USEFUL  RULES  AND  TABLES: 

Pot-  Arehiteote,  Baildera,  Engineers,  Foonden,  Meohanios,  Shipbulderfc, 
Sorreyon,  &c.  With  Appendix  for  the  uae  of  Elkotrigal  EyoimiKUt 
By  ProfoMor  Jamikson,  F.K.S.E.     Ssvsnth  Edition.     lOs.  6d. 


A  MECHANICAL  TEXT-BOOK: 

▲  Fractioal  and  Simple  Introduction  to  the  Study  of  Meohanios.  B> 
Profeator  Rankinb  and  E.  F.  Bambbb,  C.E.  With  Numeroiu  Uliu 
trations.     Crown  Svo,  cloth.    FiJnrH  Edition.    98. 

%*  Tft4  "  liBCHAinoAL  TsxT^BooK "  mu  dmigmd  bp  ProfaMor  VLamksmm  m»  mm  Unmr- 
•VOfMM  to  th4  tho9*  Serif  of  MmnumU. 


MISCELLANEOUS  SCIENTIFIC  PAPERS. 

Royal  8vo.     Cloth,  Sis.  6d. 

Part  1.  Papers  relating  to  Temperature,  Elasticity,  and  EzpannioD  of 
Vapours,  Liquids,  and  Solids.  Part  II.  Papers  on  Energy  and  iin  Trans- 
formations.    Part  III.   Papers  on  Wave- Forms,  Propulsion  of  Vessels,  Ac. 

With  Memoir  by  Professor  Tatt,  M.A.  Edited  by  W.  J.  Millar,  C.R 
With  fine  Portrait  on  Steel,  PlatoH,  and  Diagrams. 

"  No  more  enduring  Memorial  of  ProfeMor  Rankine  could  be  deTieed  than  tlie  pubtacm 
Ikm  of  thoM  papers  ia  an  accessible  form.  .  .  .  The  Collection  is  most  valuable  on 
Mooiant  of  the  nature  of  his  discoreries,  and  the  beautj  and  eompletenets  of  has  analysis. 
.  .  .  The  Volvme  exceeds  ia  importance  any  woik  m  the  same  depaHmiinl  pabiisfaai* 
m  oar  txmM.'^AfxJkiUci. 


S HELTON-BEY  (W.   Vincent.  Foreman  to  the 

Imperial  Ottoman  Gun  Factories,  Constantinople) : 

THE  MECHANIC'S  GUIDE :  A  Hand-Book  for  Ent^neere  and 
Artizans.  With  Copious  Tables  and  Valuable  Recipes  for  Practical  Uae. 
niastrated.     Stesmd  Ediimt,     Crown  8to.     Qoth,  7/d 

LONDON :  CHARLES  GRIFFIN  A  CO..  LIMITED,  EXETER  STREET,  STRAND. 
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!n  Large  8t7o,  HandsoriM  Cloth,     With  Frontispiece,  sevtrcU  Plates, 
and  over  250  Jilustratiotvi,    21«. 

THE  PRIKCIPLES  AND  COHSTRUCTIOH  OF 

PUMPING   MACHINERY 

(STEAM  AND  WATER  PRESSURE). 

With  Practical  IlluBtrations  of  Eiiginbs  and  Pumps  applied  to  Muring, 

Town  Water  Supplt,  Drain aob  of  Liands,  &c.,  also  Economy 

and  Efficiency  Trials  of  Pumping  Machinery. 

By    henry    DAVEY, 

Member  of  the  Inetitation  of  Civil  Enginoerx,  Member  of  the  Inadtntion  of 
Mechanical  Engineere,  F.G.S..  Ac. 

C0NTKNT8  — Early  History  of  Pumping  En^es— Steam  Pumping  Enginee— 
Pumps  and  Pump  Valves— General  Principles  of  Non-RotatiTe  Pumping 
Engines — The  ComiBh  Engine,  Simple  ana  (compound — Types  of  Mining 
Engines — Pit  Work— Shaft  Sinking — Hydraulic  Transmission  of  Power  in 
Mines— Valve  Gears  of  Pumping  Engines — Water  Pressure  PumpingEnginet 
—Water  Works  Endues — Pumping  Ezigine  Economy  and  Trials  of  Pumping 
Machinery  —  Centrifugal  and  other  Low-Ldft  Pumps  —  Hydraulic  Bams, 
Pumping  Mains,  &c.-  Index. 

'*B7  the  'one  English  Engineer  who  probably  knows  more  abont  Pumping  Maehinery 

than   ANT   OTHXK.'     ...      A    YOLUIIB    KBOOBDIXO    THX    RUULTS   OF  LONG  XXPSHIBITCS  AKD 

tTUDT."— TA€  enffiu4er. 
"  Undoubtedly  tbb  bbst  and  most  practical  trratisx  on  Pumping  Machinery  that  bas 

TBT  BRBM  PUBLUHBD."— i/<nitl(f  JOUtfUU. 


SEOOJ^D  EDITIOJ^,    Revised  arid  Enlarged. 
In  Large   8vo,  Haridsome  cloth,  SJ^, 

HYDRAULIC   POWER 

AND 

HYDRAULIC   MACHINERY. 

HENRY    ROBINSON.    M.   Inst.   C.E.,   F.G.S.. 

VBLLOW  OF  king's  COU.BGB,    LOIVDOM  ;  PBOF.   OF  CITIL  BNGINBBIUNG, 

king's  collbgb,  rrc,  btc 

tnttb  numetottf  TKIloo2>cut0»  and  Sf;tiyntne  platee^ 

"  A  BMk  of  great  Profinttonal  Uteftilnesa.*'— /ms. 

lONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRAND. 


38  OMABLm  BRIFflN  S  OOJS  PUBLIC ATIOMI a, 

Hofgok  tUfo,  /Huul§om9  Ctotn,  ^o*.      With  num^roui  Illuitrations  and  TmblM. 

THE    STABILITY    OF    SHIPS. 

BY 

SIR  EDWARD   J.    REED,    K-C.B.,    F.RS.,    M.P.. 

OMIHrr  OF    TU    IMFBIUAL    OBDBKI    Or    IT.    tTANILAUS    OF    KUSSIA  ,*    WMAMCU    JOOm    •» 
AUmiA;    MBDJIOIB    OF    TURKKT ;    AMD    KISIMG    SVN    OP    JAPAN;    VKS* 

nuuiDBirr  of  thb  institutioh  of  mavax.  ASCHmcn 
In  off<i«r  to  raider  the  work  complete  for  the  pufpoacs  of  the  Shipbuilder,  whellMr  al 
IMM«  or  abrood,  the  Methods  of  OJculation  introduoed  by  Mr.  P.  K.  Bakmbs.  Mr.  Obav, 
If.  Rbbch,  M.  Daymakd,  and  Mr.  Bkmjamin,  are  all  giTen  separately,  QlustraCed  1^ 
TaUes  aad  worfced-out  rxani^es.  The  book  ooDtains  more  than  eoo  rhac'^UBS*  **>d  m 
■lutntod  by  a  laxfe  niiinher  of  actual  cases,  derived  Aom  ships  of  aO  descriptioas. 

'*  S&r  KcmAU>  Rbbo's  '  Stavutv  of  Ships  '  is  intaluabuu  The  Naval  AacMrni^ 
srfll  find  bvoHKht  togotner  and  ready  to  his  haxid,  a  mass  of  infotmatioii  which  he  would  oAim' 
wim  hare  to  nek  in  an  almost  enolsss  variety  of  publications,  and  some  of  whuh  he  woold 
poasiblv  not  be  able  to  obtain  at  all  elsewhere."— J/MsMrArV 


THE  DESIGN  AND  OONSTBUCTION  OF  SHIPS.  By  John 
Harvard  Biles,  M.Inst.N.A.,  Professor  of  Naval  Architecture  in  the 
Univenity  of  Glasgow.  [/n  PrepareUwn. 


Second   Edition.      Illustrated  with  Plates,  Numerous  Diagrams,  and 
Figures  in  the  Text.     i8s.  net. 

STEEL     SH  I  PS: 

THEIR    CONSTRUCTION    AND    MAINTENANCE. 

A  Manual  for  Shipbuilders,  Ship  Superintendenta,  Students, 
and  Marine  Engineers, 

By  THOMAS   WALTON,   Naval  Architect, 

authos  or  "know  your  own  ship." 
Contents. —I.  Manufacture  of  Cast  Iron.  Wrought  Iron,  and  Steel.— Com- 
poflition  of  Iron  and  Steel,  Quality,  Strengtn,  Tests,  &c.  II.  Classification  of 
oteel  Ships.  III.  Considerations  in  making  choice  of  IVpe  of  Vessel — ^Framiitf 
•f  Ships.  IV.  Strains  experienced  by  ships. —Methods  of  Computing  and 
Comparing  Strengths  of  Ships.  V.  Construction  of  Ships. — Alternative  Modaa 
of  Construction.— Types  of  Vessels.— Turret,  Self  Trimming,  and  Trunk 
Steamers,  &c. — Rivets  and  Rivetting,  Workmanship.  VI.  Pumping  Arrange- 
ments. VII.  Maintenance. — Prevention  of  Deterioration  in  the  HuUs  of 
Ships. — Cement,  Paint,  &c.  — Index. 

^'  So  thoroQKh  and  well  written  i^  every  chapter  in  the  book  that  it  1  di...calt  to  seleei 
any  of  them  ae  being  worthy  of  exceptional  pra  ba.  Altogether,  the  work  is  excellent,  and 
will  prove  of  threat  value  to  thoHe  for  v^hom  it  is  intruded.*'—  TKe  Engineer. 

^*Mr.  Walton  has  written  for  the  profession  of  which  he  is  an  ornament.  Hia  work 
will  be  read  and  appreciatpd,  no  doubt,  by  every  M.I.N. A ,  *nd  with  groat  benefit  by  %bm 
majority  of  them.^— yowrna/  of  Commerce. 


Second  Edition,  Cloth,  Ss.  6d.     Leather,  for  the  Pocket,  8i.  6d. 
GRIFFIN'S  ELECTBIOAIi  PBIOE-BOOK:    For  Electrical,  Ciril. 
Marine,  and  Borough  Engineers,  Local  Authorities,  Architects,  Railway 
Contractors,  &c.,  &c.     Edited  by  H.  J.  Dowsing. 

"  The  Elbctrical  Prick-Book  MRMorxs  all  mystkxv  about  the  cost  of  Ekctrical 
Powor.  By  its  aid  the  kxpbnsr  that  will  be  entailed  by  utilisiag  electricity  on  a  laigo  or 
anall  scale  can  be  discovered."— .^^fr^Vgc^. 

LONDON :  CHARLES  GRIFFIN  «  CO..  LIMITED,  EXETER  STREET,  STRAND. 
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(5.   GRIFFIN'S    NAUTICAL    SERIES. 

Editbd  bt    EDW.    BLAGKMORB, 

llMter  Mariner,  First  Claia  Trinity  Hoom  CertiflcAte,  Aasoc  Init.  N.A. ; 

And  WRinsH,  XAiHLT,  by  8AILOB0  for  Sailors. 

•*Thi8  admirabls  %txaB"~-Fairplau.        "A  txrt  useful  sbriis."— A'atiMv. 

'  The  Tolnmefl  of  MflssBS.  Oriffim's  Nautioal  Skeibs  may  well  and  profitably  be 
read  by  all  interested  In  our  national  ma&itixs  pbogrbss."— JfarifM  lBngin§0r. 

"  Byxrt  Ship  should  have  the  whole  Sbrus  as  a  Rsfbbknob  Libbabt.  Hand- 
SOMBLT  BOUND,  OLBABLT  PRINTXD  and  iLLVBlfiATV}."— Liverpool  Joum.  qf  Commtrm. 

The  British  Mercantile  Marine:  An  Historical  Sketch  of  its  Rise 

and  Development.    By  the  Boitor,  Capt.  Blaokmorb.    8s.  6d. 

"  Captain  Blackmore'ssPLBNDiB  BOOK  .  .  .  contains  paragraphs  on  eyery  polni 
of  Interest  to  the  Merchant  Marine.  The  248  pages  of  this  book  are  THB  icoei  TALU- 
ABLB  to  the  sea  captain  that  have  bvbr  been  ooxpilrj)."— Jr<reAan(  Servioe  BmvUw, 

Elementary  Seamanship.     By  D.  Wilson-Barker,  Master  Mariiwr, 
r.KS.S.,  r.B.0.3.    With  nnmeroos  Plates,  two  in  Colours,  and  Frontispleoe. 
Third  Edition,  Thoroughly  Kevised,  Enlarged,  and  Re-set.     With  additional 
lUustrations.    6b. 
"This  ADMIRABLE  MANUAL,  by  CAPT.  WILSON  BARKER,  Of  the  '  Worcester,'  seems 

to  OS  PERFECTLT  DESIGNED.  "—^tA«n«1Mn. 


Know  Tour  Own  Ship :  A  Simple  Explanation  of  the  Stability,  Con- 
struction, Tonnage,  and  Freeboard  of  Ships.    By  Tbob.  Walton,  Naral  Architeoi. 
With  numerous  Illustrations  and  additional  Chapters  on  Buoyancy,  Trim,  and 
Calculations.    Sixth  Edition,  Reyised.    7s.  6d. 
"  Mb.  Walton's  book  will  be  found  vert  useful."— TA4  Snginser. 

Haylgatlon:  Theoretical  and  Practical.    Bv  D.  Wilson-Babker, 


'  Mariner,  dc,  and  William  Allinqham. 
**rREOiBELT  the  kind  of  work  required  for  the  New  Certificates  of  oompetenoy. 
Oundidates  will  find  it  ditaluable."— i>uiui#«  Advertiser. 


Marine    Meteorology:    For    Officers    of    the   Merchant  Navy.       By 
William  Allinoham,  Arst  Class  Honours,  Karlffation,  Sdenoe  and  Art  Depanmeni 
With  Illustrations,  Maps,  and  Diagrams,  and  faetimiU  reproduction  of  log  psge. 
7s.  6d. 
"  Quite  the  best  publication  on  this  uubjtot."— Shipping  QautU. 


Latitude  and  Longitude :  How  to  find  them.    By  W.  J.  Millab, 

C.S.,  late  Sec.  to  the  Inst,  of  Engineers  and  Shipbuilders  in  Scotland.    Ss. 

"  Cannot  but  prove  an  acquisition  to  those  studying  Navigation."— JfortfM  Bngineer. 

Practical  Mechanics :  Applied  to  the  requirements  of  the  Sailor. 
By  Thos.  Maokbnzib,  MasUr  Mariner,  F.B.A.S.  Second  Edition,  Revised.  8s.  6d. 
"  Well  worth  the  money  .    .    .  excekdimolt  helpful."— .S^tppin^  World. 

tha 

„ , Revised. 

Price  8s.  6d. 

"This  EMINENTLY  PRACTICAL  and  reliable  yo\wn^."—Sehoolmatttr. 


Trigonometry :  For  the  Young  Sailor,  &c.     By  Rich.  C.  Buck,  of 
liiameB  Nautical  Training  College,  H.M.S.  "  Worcester."  Second  Edition,  Revii 


Practical  Algrebra.     By  Rich.  C.  Buck.    Companion  Volume  to  tl&e 
above,  for  Sailors  and  others.    Price  8s.  6d. 
"  It  is  JUST  THE  book  for  the  young  sailor  mindful  of  progress.  —Nautieal  Moffottn*. 

The  Legal  Duties  of  Shipmasters.    By  Bkm  edict  Wm.  Ginsbubo, 

M.A.,  LL.D.,  of  the  Inner  Temple  and  Northern  Circuit ;  Barrister-at-Law.    Pilee 

4s.  6d. 

"  INTALU ABLE  to  masters.    .    .    .    We  can  fully  recommend  it. "—S7kifipitV(?as«tts. 

A  Medieal  and  Surgical  Help  for  Shipmasters.    Including  Kint 

Aid  at  Sea.    By  Wm.  Johnson  Smith,  F.R.C.S.,  Principal  Medical  Officer,  teameo'i 
Hospital,  Greenwich.    SECOND  Edition,  Revised.    6s. 
"  Sound,  judicious,  reallt  helpful."— Tft«  Lancet. 

lONDON:  GHARLES  GRIFFIN  A  CO.,  LIMITED,  EXETEfi  STREET,  STRANU 
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QRIFFIN'8  NAUTICAL  SERIES, 

Price  Sb,  6d,     Poat-Jree, 
THE 

British  Mercantile  Marine. 

By  EDWARD    BLACKMOUE, 

MASTBK  MARDrBR:   ASSOCIATB  OF  THE  INSTITUTION  OF  NAVAL  ARCHITBCTS; 

If  BMBBR  OP  THB  INSTITUTION  OP  BNCINBBRS  AND  SHIPBUILDBBS 

IN  SCOTLAND;  BDITOR  OP  GRIFFIN'S  "NAUTICAL  SBRIBS." 

GmnERAL  Contents.— HiSTOBiOAL :  From  Early  Times  to  1486— Pro8re» 
ander  Kenij  VIII.— To  Death  of  Mary— BuiinR  Elizabeth's  Beign— Up  to 
the  Reign  of  William  III.— The  18th  and  19th  Centuries— Institution  of 
Examinations  —  Bise  and  Progress  of  Steam  Propulsion  —  Development  of 
Free  Trade- Shipping  Legislation.  1862  to  1875— "  Locksley  HaU^  Case— 
Shipmasters'  Societies— Loading  of  Ships — Shipping  Legislation,  1884  to  1894— 
Statistics  of  Shipping.  Thb  Fbbsonnsl  :  Shipowners— Officers— Mariners- 
Duties  and  Present  Position.  Education:  A  Seaman's  Education:  what  it 
should  be — Present  Means  of  Education— Hints.  Disciplini  and  Duty— 
Postscript— The  Serious  Decrease  in  the  Number  of  British  Seamen,  a  Matter 
demandmg  the  Attention  of  the  Nation. 

*  iBTBBBsmro  and  IvsTBUonTB  .  .  .  may  be  read  with  PBonr  and  wuonawt:'- 
91  at  govt  Btrald. 

■'  Bybbt  bbakcb  of  the  sobjeot  in  dealt  with  in  a  way  which  shows  that  the  writer 
'  knowB  the  ropes*  familiarly.*'— Seo<«man. 

"This  admxbablb  hook  .  .  .  tbbxb  with  Dseful  information— Should  be  In  ttir 
tendH  of  svory  Bailor/*— ITtMtcrfi  Morning  New$. 


Third   Edition,  Thoroucffdy  Revised^  Eniargedy  and  Re-seL 
With  Additional  Illi^st/rations,     6«. 

GLEMENTARY    SEAMANSHIP. 

BT 

D.  WILSON-BARKER,  Master  Marinbr;  F.R.S.E.,  F.R.G.S.,&a,&a; 

TOUNOSB  BROTHIB  of  thb  T&nriTT  H0U8B. 

With  Frootispiece,  Numerous  Plates  (Two  in  Colours),  and  lUuBtrationa 

in  the  Text. 
Gbneral  Contkntb.— The  Building  of  a  Ship;  Parts  of  Hull  Masw 
4kc— Ropes,  Knots^  Splicing,  &c.  —  Gear,  Lead  and  Log,  &c.  —  Rigging. 
Anchors  —  Sailmaking  —  The  Sails,  &c. — Handling  of  Boats  imder  SaU — 
Signals  and  Signalling— Rule  of  the  Road— Keeping  and  Relieving  Watch- 
Points  of  Etiquette— Glossary  of  Sea  Terms  and  Phrases — Index. 

*,*  Ths  Tolnme  contains  the  nxw  bulbs  or  thb  boad. 
'*  This  AMOBABLB  MANUAL,  by  Oapt.  Wjuon-Babkbb  of  the  '  Woroeiter,*  seems 
rBBTSCTLT  DBBiGBBD.  and  holds  its  place  exoeUentW  in  *  QBrnnr's  Nautical  ^kbibs.' 


This  AMOBABLB  MANUAL,  by  Oapt.  Wilbon-Babkbb  of  the  '  Woroeiter,*  seems  to  as 

jCTLT  DBBiGBBD.  and  holds  its  place  exoeUentlj  in  *  QBimn's  Nautical  ^kbibs.'  .    .    . 

Although  intended  for  those  who  are  to  become  Offloers  of  the  Merchant  Nayy,  it  will  be 


foond  nsefnl  by  all  tachtsxbv.*'— iKAwMim. 

"  FiTS  BhiUings  will  be  wbll  btbmt  on  this  little  book.    Oapt.  Wilsov-Babkbk  know* 
(nax  s^Mcleooe  what  a  yonng  man  wants  at  the  ootset  of  his  career. "*—  Tk»  Rngin*^. 

*«*  For  complete  List  of  GBxrrar*s  Nautical  Sbbdh,  see  p.  89. 

LONDON :  CHARLES  ORIFFIN  «  CO.,  LIMITED,  EXETER  STREET,  STRAND 
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GRIFFIN'S  NAUTICAL  8ERIE8> 

Price  Ss,  6d,     Post-free. 

ISTAViaATION: 

By  DAVID  WILSON-BARKER,  RN.R,  F.R.S.E.,  &o.,  Ac, 

AMD 

WILLIAM  ALLINGHAM, 

fIBST-OLiLSS  HOHOURS,  NAVIOATION,  SaENOS  AHD  ABT  DBPARTMXNT. 

cmttb  fiumetouB  SUudttatfons  an^  fisamtnatton  dtuesttons. 

Gkksbal  Contbnts.— BefinitionB — Latitude  and  Longitude — Instruments 
-of  Navigation— Correction  of  Courses— Plane  Sailing — Traverse  Sailing— Day's 
Work  —  Parallel  Sailing  —  Middle  Latitude  Sading  —  Mercator's  Chart- 
Meroator  Sailing — Current  Sailins^— Position  by  Bearings— Grreat  Circle  SaUing 
-  The  Tides— Questions — Appendiz:  Compass  Error — Numerous  Useful  Hints. 
^  —Index. 

**  Pbxoibslt  the  kind  of  work  required  for  the  New  Certlflc&tes  of  oompetency  in  nades 
-from  Seoond  Mate  to  extra  Master.    .    .    .    Candidates  will  find  it  urvALUABLX."— i>«iMiM 

*'  A  CAPITAL  UTTLB  BOOK    .    .    .    speotally  adapted  to  the  New  EzaminatlonB.    THe 

Aaihors  are  Gaft.  Wxlsoit-Babxxb  (Captaia-Saperintendent  of  the  Nautical  College,  H.M.8L 

'  Woreeater,*  who  has  had  great  experience  in  the  highest  problems  of  Navigation),  and 

Ma  Alldiohaii,  a  well-known  writer  on  the  Soienoe  of  Navigation  and  Nantioal  Astronomy. " 

Shi^ppimg  World. 


Handsome  Cloth.    Fully  JllustrcUed,     la,  6d.     Post-free. 

MARINE    METEOROLOGY, 

FOR  OFFICERS  OF  THE  MERCHANT  NAVT. 
By  WILLIAM  ALLINGHAM, 

Joint  Author  of  "Navigation,  Theoretical  and  Practloal." 

With  numerous  Plates,  Maps,  Diagrams,  and  Illustrations,  and  a  facsimile 
Reproduction  of  a  Page  from  an  actual  Meteorological  Log-Book. 

SUMMARY   OF  CONTENTS. 

iHTRODUcroRT.— Instruments  Used  at  Sea  for  Meteorological  Purposes.— Meteoro- 
logical Log-Books.— Atmospheric  Pressure.— Air  Temperatures.— Sea  Temperatures.— 
winds.— wind  Force  Scales.- History  of  the  Law  of  Storms.— Hurricanes,  Seasons,  and 
Storm  Tracks.— Solution  of  the  Cyclone  Problem. — Ocean  CuiTenU.—Iceben;8.— Syn- 
chronous Charts.— Dew,  MisU,  Fogs,  and  Haze.— Clouds.— Rain,  Snow,  and  HaiL— 
Mirage,  Bainbows,  Coronas,  Halos,  and  Meteors.- Lightning,  Corposants,  and  Auroras.— 
<)UE8nON8.— Appkkdiz.  — Indkz. 

"  Quite  the  bist  publication,  ahd  certainly  the  most  umassTixe,  on  tiiis  subject  erer 
l««««itt«d  to  Nautical  men."— Shipping  G^utUe. 

*«*  For  Complete  list  of  Griffin's  Nautical  Serixs,  see  p.  39. 
LONDON:  CHARLES  SRIFFIN  A  CO..  LIMITED.  EXETER  STREET.  STRAND. 


4*         osARLm  muninf  *  oo.'a  pumlioatioitb. 
QRirFiyS   NAUTICAL  SERIES. 

8B00ND  Edition,  Rxviskd.     With  NamarooB  IlluBtrations.    3i.  6d. 

Practical  Mechanics: 

A.ppliecL  to  the  Bequirements  of  the  Sailor. 
By    THOS.    MACKENZIE, 

MMt^r  Jiarintr,  F.ILA.S. 
CrmiUL  C0NTBNT8.— ReBolation  and  Composition  of  Forces— Work  doom 
trr  Machines  and  Living  Agents — The  Mechanical  Powers:  The  I^Ter; 
Dsrrioks  as  Bent  Leyers— The  Wheel  and  Axle :  Windlass ;  Ship's  CftpstMi ; 
Crab  Winch— Tackles :  the  **01d  Man"— The  Inclined  Plane;  the  Screw— 
The  Centre  of  Gravity  of  a  Ship  and  Cargo  —  Relative  Strength  of  RoT>e  : 
Steel  Wire,  Manilla.  Hemp,  Coir — Derricks  and  Shears — Calculation  of  tke 
Cross-breaking  Stram  of  Fir  Spar— Centre  of  Effort  of  Sails— Hydrostatios : 
the  Diving-bell ;  Stability  of  Floating  Bodies  ;  the  Ship's  Pump,  &c. 
'*  This  xxoxllsnt  book  .   .    .   contains  a  large  amount  of  information.'* 

"  Well  wobth  the  money  .  .  .  will  be  found  exobbdinolt  helffuu**— 
Shipvitiff  World. 

No  Ships'  OmoBBS'  bookcabb  will  henceforth  be  complete  withoDt 
Captain  Mackenzie's  '  Pbactical  Mechanics.  '  Notwithstanding  my  many 
rsan'  ezperienoe  at  sea,  it  has  told  me  how  much  more  there  w  to  aeqwire^ " — 
(Letter  to  the  Publishers  from  a  Master  Mariner). 

*'  I  must  express  my  thanks  to  you  for  the  labour  and  care  yon  have  taken 
in  •Pbactical  Mechanics.*  .  .  .  It  is  a  life's  experience.  .  .  . 
What  an  amount  we  frequently  see  wasted  by  rigging  purchases  without  reaaoB 
and  accidents  to  spars,  Ac.,  &c. !  'Practical  Mecuaniob '  would  sate  all 
THiB.'*^Lctter  to  the  Author  from  another  Master  Mariner). 


WORKS  BY  RICHARD  C.  BUCK, 

Of  the  Thamea  Nautical  TnioinR  Oollege,  H.]i.S.  '  Woroester. 

A  Manual  of  Trigonometry: 

Mfith  Diagrams,  Examples,  and  Exercises.    Post-free  8s.  6d. 

Second  Edition,  Revised  and  Corrected. 
*«*  Mr.  Buck's  Text- Book  has  been  specially  prepared  with  a  view 
to  the  New  Examinations  of  the  Board  of  Trade,  in  which  Trigonometry 
Is  an  obligatory  subject. 

**TlLi8  BMniKHTLT  PBACTICAL  and   BBUABLB  TOLDIUl/ — 5e^00/ma<f^. 

A  Manual  of  Algebra. 

Dmigned  to  meet  the  Requirements  of  Saiiora  and  others .    Prioe  S$  .dd 

•«•  These  elementary  works  on  au»bbba  and  trisohoicbtbt  are  written  specially  fo» 
iDoee  who  will  have  little  opponanlty  of  oonsolting  a  Teacher.  They  are  booke  for  **SBLr 
mur."  All  bat  the  nmpleat  explanations  faaTe,  tnerefore,  been  ayoided,  and  Amwam  ts 
the  Kzeroises  are  flyen.  Any  person  may  readily,  by  oarefnl  Btady.  become  matter  of  theli 
oontenta,  and  thoe  lay  the  fonudation  for  a  further  mathematical  coarse,  if  def^lred.  It  it 
hoped  that  to  the  yoanger  Officers  of  oar  Mercantile  Marine  they  will  be  foand  deddedl  j 
serrieeabl*  The  Examples  and  Exercises  are  taken  from  the  Examination  Papers  set  fer 
the  Oadets  of  the  "  Worcester." 

*'  Olearly  arranged,  and  well  got  up.  .  .  .A  flrst-rate  Elementary  Algebm.  — 
Nau$kfat  Magaaine. 

*,*  For  complete  List  of  Qvrwa'B  Nautical  Bbbibs,  see  p.  S9. 

mw»i  CHARLES  GRIFFIN  A  CO.,  LIMITED.  EXETER  STREET,  STRAMO 
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GRIFFIN'S  WAUTICAL  SERIES. 

In  Crown  8to.    Handsome  Cloth.     4s.  6d.     Post-free. 

TH£  LEGAL  DUTIES  OF  SHIPMASTERS. 

BY 

BENEDICT   WM.    GINSBURG,   M.A.,   LL.D.  (Cantab.), 

Of  the  Inner  Temple  and  Northern  Cironit ;  Barrister-at-Law. 

fienOFal  Contents.— The  Qoallflcation  for  the  Position  of  Shipmaster— The  Ooci 
uraot  with  the  Shipowner— The  Master's  Duty  In  respect  of  the  Crew :  Bngagemeat : 
Apprentloea;  Dlsolpline;  Provisions,  Accommodation,  and  Medical  Comforts ;  Payment 
of  Wagea  and  Discharge— The  Master's  Duty  in  respect  of  the  Passengers— The  Mastear's 
Financial  Responsibilities— The  Master's  Duty  in  respect  of  the  Cargo— The  Masters 
Duty  in  Case  of  Casualty— The  Master's  Duty  to  certain  Public  Authorities^IlM 
Master's  Dp^y  in  relation  to  Pilots,  Signals,  Flan,  and  Lisht  Dues— The  Master's  Duty 
upon  Arri^l  at  the  Port  of  Discbarge— Appendices  relative  to  certain  Legal  Matters : 
Board  of  Trade  Certificates,  Dietary  Scales,  Stowage  of  Grain  Cargoes,  Ix>ad  Line  Begola- 
tlons.  Life-saving  Appliances,  Carriage  of  Cattle  at  Sea,  Ac,  &c. — Copious  Index. 

**  No  InteUlgent  Master  should  fail  to  add  this  to  his  list  of  necessary  books.  A  few  lines 
ef  It  may  savx  ▲  lawtrb's  fbb,  bmidbs  aMDLass  wobbt. "—Xtfverpoof  Journal  •f  CbtmiMref. 

'*  SnrsxBLS,  plainly  written,  in  clbab  and  HOii-TKCHiiioix  lanouaob,  and  wHI  be  ftnud  ef 
wuoB  savxOB  by  the  Shipmaster."— i^<tjA  Trodt  Rmtittg. 


Crown  Svo,  with  Diagrams.     28.     Post-free. 

Latitude  and  Longitude: 

Homr    to    Find    tlneni.. 

By    W.   J.    MILLAR,   C.E., 

Lat4  Steniary  to  ths  InsL  of  Engingmn  and  Shipbuildirt  in  ScoUand. 

**  CoNOiSBLT  and  clbablt  wbitteh  .  .  .  cannot  but  prove  an  aoquiutioB 
to  those  studying  Nariffation." — Marine  Engineer, 

**  Young  Seamen  will  find  it  handt  and  usiruL,  simple  and  OLlAR."  TK^ 
Bt^fffneer, 

FiRST  AID   AT  SEA. 

Seoond  Edition,  Revised.    With  Coloured  Plates  and  Nnmerous  Illustra- 
tions, and  comprising  the  latest  Regulations  Respecting  the  Carriage 
of  Medical  Stores  on  Board  Ship.     Post-free.    6s. 

A  MEDICAL  AND  SURGICAL  HELP 

FOR  SHIPMASTERS  AND  OFFICERS 

IN    THE   MERCHANT  NAVY. 

BY 

WM.      JOHNSON     SMITH,     F.R.O.S., 

Principal  Medical  Officer,  Seamen's  Hospital,  Oreenwioh. 

%*  The  attention  of  all  Interested  In  oar  Merchant  Navy  is  reqnested  to  this  eseeedingly 
aaefol  and  Taloable  work.  It  is  needless  to  say  that  it  is  the  ontoome  of  many  years 
nuoncaL  bxpsusiicb  amongst  Seamen. 

"  SOUVS,  JXTDIOIOUS,  ESiXLT  VELTWCL  "—Tfu  LonCtt. 

*«*  For  Complete  List  of  Gbjftis's  Nautical  Sbbibb,  see  p.  39. 
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GBirrnrs  nautical  series. 

Sixth  Editiok.     Beviaedt  toith  Chapters  on  Trim^  Bucyaney^ 

and  Calculations,    Numerous  lUustratUms.     Handsome 

Cloth,  Crown  8vo.    7s,  6d, 

KNOW  TOUB  OWN  SHIP. 

By  THOMAS  WALTON,  Naval  Architect. 

SFBOIALLT    ARBANOBD    TO    SUIT    THE    RBQUIREMSNT9    OF    SHIPS*   OFFICERS^ 

8HIP0WNBRS,   SUPSRINTlNDXyTS,   DRAUOHT8MBN,    ENOINEXRS. 

AND  OTHERS. 

This   work   explains,  in   a  simple   manner,   such    important 
Bobjectfl  aa: — 

Displacement, 


Deadweight, 

Tonnage, 

Freeboard, 

Moments, 

Buoyancy, 

Strain,  j  Sail  Area, 

Structure,  |  ftc,  ftc. 


BtabiUty, 
Rolling, 
Ballasting, 
Loading, 
Shifting  Cargoes, 
Admission  of  Water, 


**  The  little  book  will  be  found  bxcbedinglt  handt  by  most  officers  and- 
dfficudB  connected  with  shipping.  .  .  .  Mr.  Walton's  work  will  obtain 
LABTINO  8UC0B8S,  because  oi  its  unique  fitness  for  those  for  whom  it  has  been 
written."— -SAippin^  World, 

'*  An  EXCELLENT  WORK,  fuU  of  soUd  instruction  and  invaluable  to  every 
officer  of  the  Mercantile  Marine  who  has  his  profession  at  heart." — Shipping* 

"  Not  one  of  the  242  pages  could  well  be  spared.  It  will  admirably  fulfil  its 
purpose  .  .  .  useful  to  ship  owners,  ship  superintendents,  ship  draughta- 
,  and  aU  interested  in  shipping."— i/tverpoo^  Journal  of  Commerce, 


"  A  mass  of  vert  useful  information,  accompanied  by  diagrams  and  illo*- 
txKtions,  is  given  in  a  compact  form."— ^oirptof^. 

"  We  have  found  no  one  statement  that  we  could  have  wished  differently 
expressed.  The  matter  has,  so  far  as  clearness  aUows,  been  admirably  con 
densed,  and  is  simple  enough  to  be  understood  by  every  seaman."— Jfarinc 


BY    THB    SAMB    AUTHOR. 

Steel  Sbips:  Their  Construction  and  Maintenance. 

(See  page  38.) 
LONOON:  CHARLES  6RIFFIN  «  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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Fouptaanth  Bdltton,  R«vl0ed«     Prle«  Zlm, 

Omnf  ivo,    doth,       WUh  Numennu  lUtuircUuma,   rtdueed  /ror^ 
Working  DrawmffB, 

A    MANUAL    OF 

MARINE   ENGINEERING: 

COMPRISING  THE  DESIGNING,  CONSTRUCTION,  AND 
WORKING  OF  MARINE  MACHINERY. 

By  A.   E.  SEATON,  H.Inst.aE.,  M.  Inst.  Heeh.  E.. 
H.Inst.N.A. 


GENERAL     CONTENT  S- 


Part  L—Prineiples  of  Marine 
Propulsion. 

Part  II.— Prineiples  of  Steam 
Enerineerlng. 

Part  III.— Details  of  Marine 
Engines :  Design  and  Cal- 


eolations  for  Cylln(idr»» 
Pistons,  Valves,  Expansion 
Valves,  &e. 

Part  IV.— Propellers. 

Part   v.— Boilers. 

Part  VL— Miseellaneous. 


\*  Tliii  Edition  iuoludea  a  Chapter  od   Water- Tubb   Boilukh.  with  Illuiim- 
tioDS  of  the  loading  Types  and  the  Revised  Rules  of  the  Bttnmu  F^ritaa 


"  Id  the  three-fold  oapaoity  of  enabUnfc  a  Student  to  learn  how  to  desigu,  ooostruow 
sod  work  a  Marine  Steam- Kngme.  Mr.  Seaton's  Manual  has  NO  eital.'*— TVmet 

"The  important  subject  of  Marine  Bngineering  is  here  treated  with  the  TRomouoa- 
Ktli  that  It  requires.  No  department  has  escaped  attention.  .  .  .  Gives  th* 
rwults  of  mucn  close  study  and  practical  9iork.'*—Empiumrino. 

"By  ikrthe  but  Manual  m  existence.  .  .  .  Gives  a  complete  aooount  of  lb* 
methods  of  solving,  with  the  utmost  possible  eof>nomy,  the  prohieins  before  the  Msrin* 
BnffiQe«r."~JM«NWM. 

"The  Student,  Draughtsman,  and  Ennneer  will  find  this  work  the  Moerr  val(;ablf 
Handbook  ot  Referenoe  on  the  Marine  Bngme  now  in  existence.'*— If <m^m«  Engineer. 


Sixth  Edition,  Revised.    Pooket-Size,  Leather.     88.  6d. 
A  POOEST-BOOK  OF 

MARINE  ENGINEERING  RULES  AND  TABLES, 

roB  THB  asB  or 

■arine  Engineers*  Naval  Architects,  Designers,  Draughtsmen. 
Superintendents  and  Others. 

BY 

A.  K  SEATON,  M.LO.E.,  M.I.Mech.E.,  M.I.N. A. 

AND 

EL  M.  ROUNTHWAITE,  M.LMech.E.,  M.l.N.A 

"Admixably  fulfils  iu  purpose."— Jfornw  Bnrin*rw. 

LONDON:  CHARLES  GRIFFIN  A  CO..  LIMITED,  EXETER  STREET,  STRAND. 
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WORKS  BT  PROF.  ROBERT  H.  SMITH,  Assoe.H.LC.B.. 

lf.LM.E.,  M.LSLE.,  ILLMinJB.,  WUt  8ch.,  M.OnLMaiJL 


THE     CALCULUS     FOR     ENGINEERS 

AND    PHYSICISTS, 

Applied  to  Technical   Problems. 

WITH  BXTBirtlTK 

OI1A.88IFIED  BSFEBENCB  LIST  OF  INTEGRALS. 
By  PROF.  ROBERT  H.  SMITH. 

AaSIBTSD   BT 

R    F.    MTJIRHEAD,    M.A.,    B.Sc., 

fwmwly  Olark  Fellow  of  Glufow  UniTonity,  and  Lecturer  on  M athematlet  »i 
MMon  College. 

In  Crown  Svo,  eartra,  vnth  Diagravu  amd  Fotdrng-PlaU.     8b.  6d 

"  Pmov.  B.  H.  Smitb'b  book  will  be  senrloeeble  In  rendering  a  hard  road  ab  bast  ab  pmaonc- 
&au  for  the  nonHmathematieal  Student  and  Bnglneer."— ^IAmubiwu 

*'  Intereetinff  diacrami,  with  practical  UlnBtratlonB  of  actual  occurrence,  are  to  be  found  tiere 
tn  abundance.  Thb  tibt  complbti  CLABBirisn  KsnaBXCB  tabu  will  prore  Teiy  ueeftel  In 
MTlnc  the  time  of  tboBe  who  want  an  integral  In  a  hurry."— T%<  JPfi^MMcr. 


MEASUREMENT    CONVERSIONS 

(English    and    French) : 
28   GRAPHIC    TABLES    OB   DIAGRAMS. 

Showing  ftt  a  glance  the  Mutual  Conyebsion  of  Mbabukbmbnts 
in  DirPBRBNT  Units 

Of  Lwigthi,  Areas,  Volames,  Weights,  Stresses,  DensitieB,  Quantttles 

of  Work,  Horse  Powers,  Temperatures,  Ac. 

f9r  th9  us§  of  Engin€9n,  Survtyon,  ArehiUeU,  and  Contmetorg. 

In  4tOt  BoardM,      7$,   6d. 


'  *  Prof.  Smith's  Contbrsion-Tablbs  form  the  most  nniqne  and  ww- 
^rehensive  collection  ever  placed  before  the  profession.  By  their  use  much 
time  and  labour  will  be  saved,  and  the  chances  of  error  in  calculation 
diminished.  It  is  believed  that  henceforth  no  Engineer's  Office  will  be 
tnosidered  complete  without  them. 

"  The  work  ii  ivtaluablb."— OoUwry  Guard^n. 

"Ou|ht  to  be  in  vnxr  office  where  even  occasional  conTersionB  are  required.  .  .  .  Fioi 
Smivm'b  Tablbb  form  very  bxciluht  cbickb  on  reBuIte."— .ffZeetrieoI  RtiiUw. 

"  Prof.  Smith  deaerTes  the  hearty  thanka,  not  only  of  the  Ehoihbia,  but  of  the  OomisaaAi 
WoBiA,  for  baring  smoothed  the  way  for  the  adoftioh  of  the  Manic  Stbtbii  of  MiASvaiHSif. 
•  Buhleel  which  is  now  assuming  sreat  importance  as  a  factor  in  maintaining  oar  HOU>  upon 
roww  ffKAoa"— 3Th«  MatMimy  Mmrlut. 

LONBON:  CHARLES  8RIFFIN  &  CO.,  LIMITED.  EXETER  STREET,  STRAND. 
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In  Large  8vo.     Handsome  Cloth.     lOi.  0d. 

CHEMISTRY   FOR   ENGINEERS. 

BERTRAM  BLOUNT,       and  A.  G.  BLOXAM, 

F.I.O.,  F.C.8.,  A.I.C.K.,  F.I.C.,  F.C.B., 

Consulting  OlMmiBt  to  the  Qr6ini  Ag«nta  for  Oonwilttaf  Chtaiiit,  UmA  of  th«  Chemistry 

the  Oolonies.  DepMtmeiit,  Ooldsmlths'  Inek.. 

New  OrosB. 


aiiriBAL  OONTENTS.— Introdnctlon-OliemlBtry  of  the  Chief  Materials 
of  Ooaitractlon— Souroee  of  Energy— Ohemlstry  of  Steam-raiilng— Ohamli- 
try  of  Lubrication  and  Lnbrloante— Metallurgical  Proceeees  used  In  tke 
Winning  and  Manufacture  of  Metals. 

"T)it<  Mithon  hATe  snocBBOVD  beyond  all  expectation,  and  hare  prodnoed  e  woik  whlei 
nufolA  Klve  rsBSH  i^>wkb  to  the  £nclneer  and  Manoflictarer."— 7%<  TVmei. 

"PB40VI0AL  THmODOHOUT     ...     an   JLDMiaABU  nXT-BOOK.  UMftll  BOt  oulj  to  StvdeBli, 

^t  to  EMaiRiBBB  and  Mavaoibs  op  wobks  in  pbbvbhtiho  wabtb  and  impbot »o  pbocbmm  "— 


*A  book  worthy  to  Ulce  hiob  baits  .  .  .  treatment  of  the  subjeet  ef  aAiBOVa  wxiwk 
partiealariy  good.  ,  .  .  Watbb  oab  and  its  production  elearly  worked  oai.  .  .  .  W« 
WABMLT  BBCOMMBHD  the  work."— ^ounicl  0fOaa  lAgJUino. 


Por  Oompanion  Volume  by  the  same  Authors,  see  '*  Chemist  at 
FOR  Manufactuberb,"  p.  71. 


Works  by  WALTER  R.  BROWNE,  M.A.,  M.lNST.C.E., 

Late  Fellow  of  Trinity  College,  Cambridge. 


THE    STUDENT'S    MECHANICS: 
An  IntFoduetion  to  the  Study  of  Foree  and  Motion. 

With  Diagrams.     Crown  Sto.     Cloth,  4a.  6d. 

*  QMtf  in  style  tmd  practioal  ia  method,  'Tnm  SrvoBin^t  Mbchakicb'  is iliiHy  ••  W 

I  emi  n aded  from  ail  poiate  of  view. "  -A  tiUm^um. 


FOUNDATIONS    OF    MECHANICS. 

?apeiB  reprinted  from  the  Enf^nur,     Tn  Crown  Eto,  it. 


Demy  8vo,  with  Numerous  Illustrations,  9s. 

FUEL    AND    WATER: 

A  Mannal  for  Users  of  Steam  and  Water. 

•y    Pbof.    FRANZ    SCHWACKHOFER  of  Vienna,   and 

WALTER   R.    BROWNE,   M.A.,  C.E. 

GBNsaAX.  CoNTBMTS.— Heat  aod  Combustion— Fuel^  Varicdce  of— Finns  Arrange- 
meals:  Furnace,  Flues,  Chimaey  —  The  Boiler^  Choice  of— Varieties— reed-water 
Heaters— Steam  Fipes— Water :  Composition,  FunficatioB— Prerentioo  of  Scale,  &c.,  ftc 

"The  Section  on  Heat  is  ooe  of  the  best  and  most  Indd  erer  wriltea.'*— ^N^Mtftfr. 

**  Caaaot  frdl  to  he  TahMble  ••  thoasands  using  steam  power."—  fjwikmmj  Sm^mttr. 

LONDON :  CHARLES  fiRIFFIN  ft  CO..  LIMITED.  EXETER  STREET,  STRANa 
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CBIFFIII'8    LOCAL   COVEBIIMEIIT   HAHPB00K8, 

WORKS  SUITABLE  FOR  JIUNICIPAL  AND  COUNTV  ENGINEB&S. 

ANALYSTS,  AND  OTHERS. 

See  also  Davies'  Hygitive,  p.  99,  and  M'Leod'B  Publie  Healthy  p.  110. 

Gas  Manufacture  (The  Chemistry  of).    A  Handbook  on  the  Pro- 

daction,  Purification,  and  Testing  of  Uluminating  Oas,  and  the  ABsay  of  Bye-Pro- 
ducU.  By  W.  J.  A.  Bdttbrwblu,  M.A.,  F.I.C.,  F.C.S.  With  lUuatratlona.  Shooni> 
Edition,  Revised  and  Enlarged.  With  Section  on  Agetvlenb.  10s.  6d.  [See  page  77. 
•*  Well  deserring  a  place  in  every  gas  engineering  liDrary."— Joumoi  of  Go*  lAghttng. 

Central  Electrical  Stations :  Their  Design,  Organisation,  and  Manage- 
ment.   By  C.  H.  WoRDlNOHAJf,  A.K.C.,  M.Inst.C.E.    Price  24s.  net. 
For  details  tee  oppogite  page. 

Sewage  Disposal  Works  :  A  Guide  to  the  Construction  of  Works  for 
the  Prevention  of  the  Pollution  by  Sewage  of  Rivers  and  Estuaries.  By  W.  SANTO 
Crimp,  M.InstC.E.,  F.O.S.  Skcond  Edition,  Revised  and  Enlarged.  Large  8vo, 
Handsome  Cloth.    With  37  Plates.    Price  30s.  [See  page  7G. 

"The  MOST  COMPLBTE  AND  BEST  TREATISE  on  the  subject  which  has  appeared  in  oar 

IwagaMg:^."— Edinburgh  Medical  Journal. 


Trades  Waste  :  its  Teatment  and  Utilisation,  with  Special  Reference 
to  the  Prevention  of  Rivers'  Pollution.  Bv  W.  Naylor,  F.C.S.,  A.M.Inst.C.E. 
With  Numerous  Plates,  Diagram8,  and  Illustrations.    21s.  net.  [See  page  77. 

•'  Replete  with  practical  information  of  a  technical  character.  "—Loea^  Government 

Journal. 

Calcareous  Cements:    Their  Nature,  Preparation,  and  Uses.     With 

some  Remarks  upon  Cement  Testing.     By  Gilbert  Redgrave,  Assoc. Inst. C.E. 

With  Illustrations,  Analytical  Data,  and  Appendices  on  Costs,  (&c.    8s.  6d. 

"  Invaluable  to  student,  architect,  and  engineer." •  Building  Newt.        [See  page  76. 

Road  Making  and  Maintenance :  A  Practical  Treatise  for  Engineers, 
Surveyors,  and  others.  With  an  Historical  Sketch  of  Ancient  and  Modem  Practice, 
By  Thomas  Aitkkn,  Assoc. M.Inst.C.E.,  M.  Assoc.  Municipal  and  County  Engrs.; 
M.  San.  Inst.    With  numerous  Plates,  Diagrams,  and  Illustrations.    21s. 

[See  page  79. 
"  Should  be  on  the  reference  shelf  of  e\'Ery  Municipal  and  County  Enginbbr  In 

the  United  Kingdom.  "—rA<f  Surveyor. 


Light  Railways  at  Home  and  Abroad.    By  William  Henry  Cols, 

M.Inst.C.E.,  late  Deputy  Manager,  North- Western  Railway,  India.     Large  8vo, 
Handsome  Cloth,  Plates  and  illustrations.    168.  [See  page  30. 

"  Will  remain  for  some  time  yet  a  Standard  Work  in  everything  relating  to  Light 
RaUways."— TAe  Engineer. 

Practical  Sanitation  :  A  Handbook  for  Sanitary  Inspectors  and  others 
interested  in  Sanitation.  By  Geo.  Reid,  M.D.,  D.P.H.,  Medical  Officer,  Staffordshire 
County  Council.  With  Appendix  on  Sanitary  Law,  by  Herbert  Manley,  M.A.,  M.  B., 
D.P.  H.    Ninth  Edition,  Revised.    68.  [See  page  7S. 

"A  HANDBOOK  useful  to  SANITARY  INSPECTORS,  and  ALL  interested  in  Sanitary 

mtXten." —Sanitary  Jiecord. 

Sanitary  Enjrineerlng :  A  Practical  Manual  of  Town  Drainage  and 
Sewage  and  Refuse  Disposal.  By  Frank  Wood,  A.M.InBt.C.E.,  F.G.S.,  Borough 
Surveyor,  Fulham.    Fully  Illustrated.    8s.  6d.  net.  [See  page  78. 

••A   VERITABLE  POCKET  COMPENDIUM  of  Sanitary  Engineering."— Pu!)2u;   Health 

Engineer. 

Dairy  Chemistry:  A  Practical  Handbook  for  Dairy  Managers,  Chemists, 
and  Analyste.  By  H.  Droop  Richmond,  F.C.S.,  Chemist  to  the  Aylesbury  Dairy- 
Company.  With  Tables,  Illustrations,  <&c.  Handsome  Cloth,  16b.  [See  page  73. 
"  The  BEST  contribution  to  the  subject  that  has  yet  appeared."— 7V^  Lancet. 

Flesh  Foods :  With  Methods  for  their  Chemical,  Microscopical,  and 
Bacteriological  Examination.  A  Handbook  for  MedicaU  Men,  Inspectors,  Analysts, 
and  others.  By  C.  Ainsworth  Mitchell,  B.A.,  F.I.C.,  Mem.  Council  Soc.  of  Public 
Analysts.  With  numerous  Illustrations  and  a  coloured  Plate.  lOs.  6d.  [See  page  74. 
"Will  save  Medical  Men,  AnalysU,  Sanitary  Inspectors,  and  others  AN  niFlNiTB 

amount  op  reference."— r/je  Lancet. 

Foods:  Their  Composition  and  Analysis.  By  A.  Wyntkr  Blyth, 
M.R.C.S.,  F.C.S.,  Public  Analyst  for  the  County  of  Devon.  With  Tables,  Folding 
Plate,  and  Frontispiece.    Fi>th  Edition,  Ttioroughly  Revised.  [See  page  72. 

"  An  admirable  digest  of  the  most  recent  state  of  knowledge."— C%«ti»io(U  Amm. 
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§6.   ELECTRICAL   ENGINEERING. 

In  Large  8w.      Handsome  Cloth,      Profusely  Illustrated  with  Plates, 
Diagrams,  and  Figures,     24s,  net. 

CENTRAL  ELECTRICAL  STATIONS: 

Their  Desigrn,  Orgranisation,  and  Management. 

Including  the  Qeneration  and  Distribution  of  Electrical 
Energy. 

By   CHAS.    H.    word  INGHAM, 

A.K.C,  M.lNST.CE.,  M.Inst. Mech.E., 

l.ate  Member  of  the  Council  of  the  Institute  of  Electrical  Eng^ineers,  and  Electhcai 

Engineer  to  the  City  of  Manchester.* 


CONTENTS. 

Introductory. — Central  Station  Work  as  a  Profession. — Central  Station  Supply  as  an  In- 
vestment—The  Esublishment  of  a  Central  Station  —Systems  of  Supply.— Choice  of  bite- 
Architectural  Features.  —  Choice  of  Plant  and  General  Design.  —  Boilers  —  Systems  of 
Draught  and  Waste  Heat  Economy. — Methods  of  Firing  Boilers  —Coal  Handling,  Weighing, 
and  Storing. — Feeding  of  Boilers. — The  Transmission  of  Steam. — Generators.— Condensing 
Appliances. — Switching  Gear,  Instruments,  and  Connections. — Distributing  Mains. — Drawing- 
in  Systems. — Built-in  Sjrstems,  Dielectrics.— Insulation,  Resistance,  and  Cost. — Distributing 
Networks —Serrice  Mains  and  Feeders.— Testing  of  Mains. — Recording  and  Laying  o< 
Mains. — Meters  and  Appliances  on  Consumers'  Prembes. — StandardisiiM^  and  Testing  Labor- 
atory — Secondary  Batteries. — Street  Lighting  — Cost  of  Production. — Methods  of  Charging. 
—Regulations  of  Consumer's  Installations. — General  Organisations  of  a  Central  Station  - 
The  Generating  Station.— The  Mains  Denartment  —The  Installation  Department.— The 
Standardising  Department- The  Drawing  6ffice,  Transforming  Stations,  and  Street  Light- 
ing.—The  Clerical  Department— The  Consumer.— The  Routine  and  Main  Laying.— Indkx. 

"One  of  the  most  valuable  contributions  to  Central  Station  literature  we  have  had 
for  some  time.  We  wonder  at  the  industry  and  perseverance  which  have  produced  the 
volume  before  us." — EUctricity. 


MUNBO  k  JAMIESON'S  ELECTRICAL  POCKET-BOOK, 
Sixteenth  Edition,  Thoroughly  Revised  and  Enlarged. 

A    POCKET-BOOK 

OF 

ELECTRICAL  RULES   &  TABLES 

FOR  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS, 

By  JOHN  MUNRO,  C.E.,  &  Prof.  JAMIESON,  M.Inst.C.E.,  F.R.S.B. 

With  Numerous  Diagrams.     Pocket  Size.     Leather,  Si.  6d. 

aUNSBAL      OONTBKTa 

Units  of  Measurement.  —  Measures.  —  Testmg.  —  Conductors.  —  Dielectrics.  —  Submarim 
Cables. — Telegraphy. — Electro-Chemistry. — Electro- Metallurgy. — Batteries. — Dynamos  and 
Motors.— Transfonners.— Electric  Lighting.— Miscellaneous.— Logarithms.— Appendices. 

"  WoMDBSFULLv  PsBFBCT.  .  .  .  Worthy  of  the  highest  ooaBmsBdatuai  we  can 
giir*  iMJ'—EUetriciaH. 

"The  Stbxung  Valvb  of  Messrs.  Munbo  and  Jamibsom's  Pockbt-Boosl."— 
Sl0cir$cmt  JUvunt. 
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By  PROFESSORS  J.  H.  POYNTINQ  ft  J,  J.  THOMSON, 

In  Five  Volumet.     Lwrge  8to.     Sold  Separately. 

A  TEXT-BOOK   OF    PHYSICS 

ooMrmunra 

PROPERTIES  OF  MATTER;  SOUND;  HEAT;  MAGNETISM 

AND   ELECTRICITY;    AND   LIGHT, 

J.  H.  POYNTING,  J.  J.  THOMSON, 

■C.D..  r.ft.B.,  j^Kp  M.A.,  r.a.t.. 

4j*U  fUlow  of  Trinitr  Colleva,  Cambridge:  Fell«w  of  Trinity  OoUMe,  CuabridM;  Ptv.< 

l»ml— lor  of  Ph  jaiei,  Rlrmimrbam  of  Szp«rimenUl  PhTuet  in  the  UuTaraHr 

Univenity.  of  Oambridco. 

Introductory  Volume,  fully  Illustrated.    Just  Out.     Price  lOa.  6d. 

PROPERrriEs  OF  iMCJLrrrrER. 

OomirTS.  —  eravitation.  —  The   Acceleration   of  QniTity.  —  Elastioity.— StresM*  an>i 
fltninB.—Torni on.— Bending   of   BodH.— Spiral   Springa.— Colliftion.— CompreesiblUtr   of 
Liqaldit.— PresBurefl  and   Volnmf-e  of  Gaeea.— Ttaennal  Effects  Accompunylng  Stnln.<- 
Qaplllarity.— Sari  ace  Tension. — Laplace's  Theory  of  Capilarity.— biffnsion  of  Liqmda  - 
Dmoaton  of  Oases.— Vitooslty  of  Liquids.— Ikdxx. 


Volume  II.     Second  Edition.     Fully  Illustrated.     Price  8s.  6d. 

SOUND. 

OoBTKVTB.--The  Nature  of  Sound  and  its  chief  Characteristics.— The  Velodiy  of  >ODao 
to  Air  and  other  Media.— Refl«^c>ion  and  Refraction  of  Soand.— FreqnencT  and  Pitch  of 
HclM.-  Beaonanoe  and  Forced  Oscillations.— Analysis  of  Vibrations.— The  TransverM 
Vibrations  of  Stretched  Strings  or  Wires  —Pipes  and  other  Air  OaTitlea.— Bods.— Plate». 
— Membranes.— Vibrations  maintained  by  B«iat.— SansitlTe  Flames  and  Jeu.- Mnnical 
fland.— The  Superposition  of  Wares.-  Index. 

"  The  work  .  .  .  may  be  recommended  to  anyone  desirous  of  possessing  an  xacr 
ur^o-DATB  STAjrnAKD  TxBATisx  ou  Aoouatfos.*'— Ltlsralflira 

''  Very  clearly  written.  .  .  .  The  names  of  the  authors  are  a  guarantee  ot  the 
MBaanrio  accdbact  and  up-to-datb  chasaotkb  of  the  work."— ^dneatiofia/  Timu. 


In  kife  8to,  with   Bibliography,  Illustrations  in  the  Text,  and  sertn 
Lithographed  Plates.      12s.  6d. 

THE  MEAN  DENSITY  OF  THE  EARTH : 

4ii  Essay  to  whlth  the  Adams  Prize  was  a4]udged  in  1898  in 
the  University  of  Cambrid^. 

J.  H.  POYNTING,  Sc.D.,  F.R.S., 

Late  Fellow  of  Trinity  College,  Cambridge ;  Professor  of  Physics, 

Birmingham  University. 

"An  acooQnt  of  this  snUMt  eannol  fall  to  be  of  amaAT  and  eivnuL  isTsaiev  to  the  scienlMe 
mind.  Bipeelalbr  is  this  the  case  when  the  aoooant  is  f(iven  by  one  who  hss  contributed  so 
conaldsrabiy  ss  hss  Prof.  Poyntins  to  our  present  state  of  knowledge  with  respect  to  a  very 
difflsult  snbteet.    .    .    .    RemarkaSly  hss  Newton's  estlmats  been  venfied  by  Prof.  Poynttatf.*— 

AtheiurMtn. 
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Demy   Svo,   Handsoins  cloth,    18m. 

Physical  Geology  and  Palsontology, 

OJ/    THE   BASIS    OF  PHILLIPS. 

BY 

HARRY    GOVIER     SEELEY,     F.R.S.. 

PftOPBSaOK  OP  GBOGRAFKV  IM  KOfC'S  COIXBCB.  LONDOM. 

mxtb  f  tonti0piece  in  Cbtomo^Xitbodtapbii,  and  5llu0tratloti& 

**  It  is  impossible  to  pndse  too  highly  the  research  which  Pkopbssor  SsKLKT'i 
'  Physical  Geology  ^  evidences.  It  is  fak  m ork  than  a  Text-book — it  is 
A  Directory  to  the  Student  in  prosecuting  his  researches/'— /Vvfuinw/M/  Ad- 
dras  14  tht  Geological  Society^  1885,  by  Rev.  Prof.  Bmnty,  D.Sc,  LL.D,,  F,R.S, 

'*  Professor  Sbeley  maintains  in  his  *  Physical  Geology  '  the  h^ 
reputation  he  already  desenredly  bears  as  a  Teacher."  —  Dr.  Hmry  W^md- 
ward,  F.R.S.^  in  the  **  Geological  Magaune,'* 

'*  Professor  Seeley's  work  includes  one  of  the  most  satis£sctory  Treatises 
00  Lithology  in  the  English  language." — Ameriean  /oumal  0/ EngineertH^. 


Demy  Svo,  Handsome  cloth,  S4e. 

StrafigrapMcal  Geology  &  Paleontology, 

OJf   THE   BASIS    OP  PHILLIPS. 

BY 

ROBERT    ETHERIDGE,     F.  R  S., 

90  raa  natvrax.  hist,  drpartment,  British  musbum.  latb  palaontolocist  to  thb 

CBOLOCICAL  SURVRY  OP  GREAT  BRITAIN,  PAST  PRBSIDBNT  OF  THB 
CBOLOCICAL  SOCIBTY.  BTC 

VAitb  Aap,  Tiumetou6  XTablea,  anb  Zbixto^ig  plated. 

"  N«  Midi  oompendium  of  seological  knowledge  has  erer  been  brottght  together  befov«.'*~ 
(9^sttw$iHsUr  Review. 

**  If  Prop.  Sbblbv's  irolume  was  remaricable  for  its  originality  and  the  Inreadth  of  its  niem%^ 
Mjt.  Etmbridgb  fuUy  justifies  the  assertion  made  in  his  preface  that  his  book  ditfen  in  con* 
function  and  detail  from  any  known  manual  .  .  .  Must  tak«  high  rank  among  woues 
OP  rbpbrbncb.**— ^/W«4raiMi 


OPEJI-fllR  STUDIES  Ij!  GEOLOGY: 

An  Iniroduction  to  Geology  Out-of-doors. 

By  professor  GRENVILLE  COLE,   M.R.I.A.,  F.G.S. 

For  details,  see  Griffin's  Introductory  Science  Series,  p.  85. 
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Crown  8w.     Handsome  Cloth,     zs.  td. 
RESEARCHES  ON  THE  PAST  AND  PRESENT  HISTORY 

OF 

THE     EARTH'S    ATMOSPHERE. 

Including  the  latest  Discoueriea  and  their  Practiced  Applicationa, 

By  dr.  THOMAS  LAMB  PHIPSON. 

PART  I.— The  Earth's  Atmosphere  in  Remote  Geological  Periods. 

PART  II.— The  Atmosphere  of  our  Present  Period. 

Appendices;  Index. 

*»*  Dr.  Phipson's  work  presents,  amidst  much  which  is  of  interest  to  the 
Scientist  and  the  General  Reader  alike,  a  short  re  um^  of  his  discovery  of  the 
origin  of  Atmospheric  Oxygen,  the  existence  of  which  he  attributes  wholly  to 
the  action  of  Solar  Radiation  upon  vegetable  life.  The  book  will  be  found 
replete  with  much  that  is  new,  curious,  and  interesting,  both  in  connection  with 
Weather  L,ore,  and  with  Scientific  Meteorology. — iZdlisAer's  Note. 

''  The  book  should  prove  of  interest  to  general  readers,  as  well  as  to  meteorologists 
au*i  other  studeata  of  so  ence.*'— A'a/ur«. 


By  6RENVILLE  A.  J.  COLE,  H.R.I.A.,  F.6.S., 

ProCmor  of  Geology  in  the  Royal  Qollege  of  Science  for  Ireland,  and  £xaminer  in  the 
University  of  London. 

See  also  the  two  following  pages  (54,  55),  and  page  85. 

AIDS     IN 

PRACTICAL     GEOLOGY  J 

WITH    A    SECTION   ON    PALjBONTOLOGY. 

By   professor  GRENVILLE  COLE,  M.R.I.A.,  F.G.S. 

Fourth  Edition,  Thoroughly  Revised.      With  Frontispiece  and 
Illustrations.  Cloth.  los.  6d. 


aSNERAL    CONTX1KT&  — 
PART     I.— Sampling  of  thr  EaktiTs  Crust. 
PART    II.— Examination  of  Minerals. 
PART  III.— Examination  of  Rocks. 
PART  IV,— Examination  of  Fossils. 

"  ProCi  Cole  treats  of  the  examination  of  minerals  and  rocks  in  a  way  that  han  oevei 
been  attempted  before  .  .  .  desbsving  or  thb  highbst  ruAiSB.  Here  indeed  an 
'  Aids  *  INNUMKKABLB  and  INVALUABLK.  All  the  directions  are  given  with  the  utmost  deai^ 
«ess  and  precision.  "—^Ai/MtrMw. 

"That  the  work  deserves  iu  title,  that  it  is  full  of  'Aids/ and  in  the  highest  degree 
'rftACTiCAL,'  will  be  the  verdict  of  all  who  use  'M.^'—Nahere. 

"  This  ■ZCBLX.BHT  MANUAL     .     .     .     wiU  be  A  TBKY  GKBAT  HBLP.      .      .      .      The  SeCtlOO 

•a  the  Examination  of  Foesils  is  probably  the  best  of  its  kind  yet  published.    .        .Full 
•f  well-digested  inlbrmation  from  the  newest  sources  and  from  penonal  research."— ^wMo/f 
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GRIFFIN'S  "NEW  LAND"  SERIES. 

PrctcticaL  Hand-Boohs  for  the   Use  of  Prospectors,  EoeplororM, 

Settlers,  Colonists,  and  all  Interested  in  the  opening 

up  and  Development  of  New  Lands. 

Editbd  by  GRENVILLE  A.  J.  COLE,  M.R.I.A.,  F.G.S., 

Proffluor  of  Geology  in  the  Royal  College  of  Science  for  Ireland,  and  Examiner  in 
the  Univereity  of  London. 


In  Crown  8vo.     Handsome  Cioth.     5«. 
With  Numerous  Maps  Specially  Drawn  and  Executed  for  this   Work, 

NEW     LANDS: 

THEIR    RESOURCES    AND     FROSFECTIVB 
ADVANTAGES. 

By  HUGH  ROBERT  MILL,  D.Sc,  LL.D.,  F.RS.E., 

Librarian  to  the  Royal  Oeographical  Society. 

Introductory.— The  Development  of  New  Lands— The  Dominion  of 
Canada.  —  Canada,  Eastern  Provinces.  —  Canada,  Western  Provinces  and 
Territories. — Newfoundland. —The  United  States. — Latin  America,  Mexico. — 
Latin  America,  Temperate  Brazil  and  Chili. — Latin  America,  Argentina. — 
The  Falkland  Islands.— Victoria,— New  South  Wales. — Queensland. — South 
Australia. — Tasmania. — Western  Australia.— New  Zealand.— The  ReBOuroet 
of  South  Africa.— Southern  Rhodesia.— Index. 

"  PaIMSTAKIKG     .      .      .      OOMPLRTB      .      .      .      Of  great  FSACTIOAL  AB8UTAH0B."— 77k  #'tiM. 

"A  WHDt  admirably  supplied.  .  .  .  Has  the  advantage  of  being  written  by  a  pro- 
feaeed  Geographer"— G^eo^^rapAtca/  Journal. 


IN  PREPARATION. 
BUILDING  CONSTRUCTION  in  WOOD,  STONE,  and 
CONCRETE.  By  James  Lyon,  M.A.,  Professor  ol  En- 
gineering in  the  Royal  College  of  Science  for  Ireland ; 
sometime  Superintendentof  the  Engineering  Department  in 
the  University  of  Cambridge;  and  J.  Taylor,  A. R. C.S.I. 


%*  Other  Volumes,  dealing  with  subjects  of  Primary 
Importance  in  the  Examination  and  Utilisation  of  Lands 
which  have  not  as  yet  been  fully  developed,  are  in  preparation. 
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GRIFFIN'S    "NEW    LAND"    SERIES. 

9sooND  Edition,  Revised,     With  Illustrations.    Pricf.  in  Clothe  5s, ;  strongly 
ImiTid  in  Leather^  6«.  6d. 

PROSPECTING  FOR  MINERALS. 

A  Praoticai  Handbook  for  Prospectors,   Explorers,   Settlers,   and  all 
Interested  In  the  Opening  up  and  Development  of  New  Lands, 

BT 

S.  HERBERT  OOX,  Assoc.RS.M.,  M.InstM.M.,  F.G.S.,  Ac. 

General  Contents. — IntToduction  and  Hints  on  Greology — The  Determina- 
tion of  MinenJa :  Use  of  the  Blow-pipe,  &c.— Rock -forming  Minerals  and  Non- 
Metallic  Minerals  of  Commercial  Value :  Rock  Salt,  Boraz^  Marbles,  Litho- 
Buphic  Stone,  Quartz  and  Opal,  &c. .  ke. — Precious  Stones  and  Gems — Stratified 
eposits:  Coal  and  Ores— Miiieral  Veins  and  Lodes— Irregular  Deposits- 
Dynamics  of  Lodes  :  Faults,  &c. — Alluvial  Deposits — Noble  Metals  :  Gold, 
Platinum,  Silver,  &c.—Leaid— Mercury— Copper — Tin— Zinc— Iron — Niokel, 
Ac. — Sulphur,  Antimony,  Arsenic,  &c. — Comoustible  Minerals — Petroleum— 
GknenJ  Hints  on  Prospecting — Glossary — Index. 

"This  ADVISABLE   LITTLR   WORK     .     .     .     written  with   SOIINTIFIO  AOOURAOT   tn   a 

OLEAJi  and  LUOID  style.    ...    An  important  addition  to  technical  literature   .    .    . 
will  be  of  value  not  only  to  the  Student,  but  to  the  experienced  Prospector.    .    .    . 
If  the  succeeding  volumes  of  the  New  Land  Sbribs  are  equal  in  merit  to  the  rimt,  we 
must  congratulate  the  Publishers  on  successfully  filling  up  a  gap  in  existing  literature. 
^Mining  JourmU. 

"This  XXOBLLBNT  HANDBOOK  will  prove  a  perfect  Vade-mecum  to  those  engaged  in 
the  praoticai  work  of  Mining  and  Metallurgy." — Times  qf  Africa. 


With  many  Engravings  and  Photographs.    Handsome  Cloth,  4s.  6d. 

:foo3)    stjpply. 

Bt   ROBERT    BRUOE, 

A<ri«altanl  8aperi&t«ndeiit  to  the  Boyftl  Dublin  Socletj. 

With  Appendix  on, Preserved  Foods  by  C.  A.  Mitchell,  B.A.,  F.LO. 

Gkitbral  Contents. —Climate  and  Soil— Drainage  and  Rotation  of 
Oropa— Seeds  and  Crops — Vegetables  and  Fruits— Cattle  and  Cattle- 
Breedinz— Sheep  and  Sheep  Rearing— Pigs— Poultry— Hortee— The  Dairy 
— ^Tha  Farmer's  Implements — The  Settler's  Home. 

"  BRISTLES  WITH  INFORMATION."— Farmer*'  OazetU. 

"  The  work  is  one  which  will  appeal  to  those  intendins  to  become  farmers  at  home 
or  in  the  Colonies,  and  who  desire  to  obtain  a  general  idea  of  the  true  principles  of 
farmhig  in  all  its  brahorvs."— Journal  of  the  Royal  Colonial  Inst. 

"  A  most  READABLE  and  VALUABLE  book,  and  merits  an  extensive  BAiM."—aeatUsk 
Farmer. 

"  Will  prove  of  service  in  any  part  of  the  world."-  Nature. 

LONDON:  CHARLES  GRIFFIN  A  CO.,  LIMITED,  EXETER  STREET.  STRAHI^ 
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56  0HARLE8  GRIFFIN  S  OO.'S  PUBLICATIONS. 

Fourth  Edition,  Revised,  and  brought  thoroughly  up-to-date  by  L.  H. 

CooKK,  iDstructor  in  Mine  Surreying.  Royad  College  of  Science. 

With  Frontispiece  and  716  Illu^rationt.     Price  34s. 

ORE  6c  STONE  MINING. 

BY 

C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 

>R  OF   MINING.  ROYAL  COIXBCB   HF  SCIBNCB  ;  EXAMINER  IN  MINING  TO 
THE  BOARD  OF  EDUCATION. 


GENERAL  CONTENTS. 
INTRODUCTION.  Mode  of  Oeeuprenee  of  Minerals.— Prospecting.— Borlnff. 
-Breaking  Ground.- Supporting  Exeavatlons. —Exploitation. -Haulaffo  op 
Transport.— Hoisting  or  Winding.  —  Drainage.  —  Ventilation.  —  LightlBg.— 
Deseent  and  Aseent.— Dressing— Prlnelples  orBmployinent  of  Mining  Labour. 
— Loglslatlon  alTeetlng  Mines  and  Quarries.  —  Condition  of  the  Miner.- 
Aeeldentt.  —Index. 

'*  Or.  Foster's  book  was  expected  to  be  bpoch-makimc,  and  it  fully  justifies  such  expco 
cMtkm.  ...  A  MOST  admirablb  accouBt  of  the  mods  of  occurrence  of  practically  ali 
cwowM  MINBBALS.    Pfobsbly  stands  umriva llbd  fer  completeness.  *—  Tk*  Mining  y«wrvM  i 

'This  BPOCK-MAKING  work    .     .     .    appeals  to  mbn  or  bxpsribmcb  no  less  tkaa  ic 

idttU."— ^tfr/-  und  HUtUnmAnnucfu  Zniunr. 

'TUs  tn.BNoiD  wonK.."^Vettfrr.  ZtukrfL  /ir  Btri-  nmd  H%iUmw»un. 


ELEMENTARY    MINING    AND    QUARRYING 

(An   Introductory   Text-book).      By    Prof.    0.    Lb    Nbvb 
Foster,  F.R.S.  [/n  Active  Preparation, 


Ninth  Edition,  Rerised  and  Enlarged.     With  Numerous  Okgnma. 
Cloth,  7S.  6d 

A    TREATISE    ON    MINE-SURVEYINQ: 

Far  tk€  ifM  of  Hanagon  of  Ulnoo  and  Ooliiorim^  StudonU 
at  tho  Royal  Sohool  of  Kinaa,  Ac. 

By    BENNETT    H.    BROUGH,    F.G.S..  ASSOC.R.S.M., 

Formerly  Instniaor  ei  M ine-Surrarias,  Royal  Scho«l  of  Mines. 

General  Contents. 
General  Explanations — Measurement  of  Distances — Miner's  Dial — Variatioa  01 
iM  Magnetic-Needle — Sunreying  with  the  Magnetic-Needle  in  presence  of  Inoa 
Borvefing  with  the  Fixed  Needle — German  Dial — Theodolite— TraTersing  Under- 
■ovBd— Sarface-Surveys  with  Theodolite— Plotting  the  Surrey— Calculatioa  of 
Araae— Levelling — Connection  of  Underground-  and  Surface-Surreys — MeasoriBg 
rUsianicii  by  Telescope — Setting-out — Mine-Surveying  Problems — Mine  Plane — 
Applications  of  MagneCic-Needle  in  Mining— Photographic  Surveying— ^/^m^sMi. 

"Its  CLRARNSSS  of  style,  lucidity  of  DESCKIPTION.  and  FULHF.SS  of  DETAIL  have  longagOWOD 
for  it  a  place  unique  in  the  litcratarc  oi  this  branch  of  mining  engineering^,  and  the  present  edition  folly 
maintains  the  high  standard  of  its  predecessors.  To  the  stuucnt,  and  to  the  mining  enj^neer  Alike,  ITS 
VALUB  is  inestimable.    The  illustrations  are  excellent."—  TMt  MiHtne  youmal. 

LONDON:  CHARLES  GRIFFIN  «  CO.,  LIMITED.  EXETER  STREET.  STRAKOl 
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Fou»TH    Edition,    Revised  and   Greatly  Enlarged,       With    Numermu 

Additional  Illustrations^  mostly  reduced  from    Working 

Drawinj^s,      Price  24s.  net, 

A  TEXT-BOOK  OF  COAL-MINING: 

FOR   THE   USE  OF  COLLIERY  MANAGERS  AND  OTHERS 
ENQAQED  IN  COAL-MINING. 

BY 

HERBERT    WILLIAM    HUGHES,    F.G.S., 

Assoc.  RoTal  School  of  Mines,  General  Manager  of  Sandwell  Park  Colliery. 


GENERAL    CONTENTS. 

Geology.  — Search  for  Coal. — Breaking  Ground. — Sinking.  -  Preliminary 
Operations.  —  Methods  of  Working.  —  Haulage.  —  Winding.  —  Pumping. — 
Ventilation. — Lighting. — Works  at  Surface. — Preparation  of  Coal  for  Market 
—Index. 

"  Quite  THB  BflfiT  BOOK  of  its  kind    ...    as  rxACTiCAL  in  aim  as  a  book  can  be   . 
The  illustrations  are  KXcmuLMHr."—AiAfMaum. 

'*  We  cordially  reconunend  the  woric"  —C0Ui^ry  GMartUan, 

**  Will  soon  come  to  be  regarded  as  the  stand akd  wokk  of  its  kind  " — Birmmghmm 
DmUf  GoMttU. 


In  Large  Svo,  with  Illustrations  and  Foltiing-Plaies,     lot.  6d, 

AND    THE    USE    OF    EXPLOSIVES. 

A   Handbook  for  Engineers  and  others  Engaged  in   Mining, 
Tunnelling,  Quarrying,  &C. 

By  OSCAR  GUTTMANN,  Assoc.  M.  Inst.  C.E. 

Mtmiktr  #/  the  SoaHut  0/ Civil  Bnginttrt  and  Architect*  0/  VUnma  €tnd  Bitdm^on, 
C0rrt$p0Hding  Mtmher  0/th4  Imp.  Roy.  G^oUgicalltuHtutUn 0/ Austria,  S»c. 

Gbnrral  Contbnts.— Hiscorical  Sketch— Blasting  Materials— Blasting  Pow- 
der— Various  Powder-mixtures — Gun-cotton — Nitro-glycerine  and  Dynamite- 
Other  Nitro-compounds— Sprengel's  Liquid  (acid)  Explosives  -Other  Means  ol 
Blasting — Qualities,  Dangers,  and  Handling  of  Explosives — Choice  of  Blastii.g 
Materials — Apparatus  for  Measuring  Force — Blasting  in  Fiery  Mines — Means  of 
l^iting  Charges — Preparation  of  Blasts— Bore-holes — Machine-drilling — Chamber 
Mines — Charging  of  Bore-holes — Determination  of  the  Charge — Blasting  in  Bore* 
holes — Firing — Straw  and  Fuse  Firing — Electrical  Firing— Substitutes  for  Electrical 
Firing— Results  of  Working — Various  Blasting  Operations— Quarrying — Blasting 
Masonry,  Iron  and  Wooden  Structures — Blasting  in  earth,  imder  water,  of  ice,  ftc. 

"  Thla  ADMiaABLB  work."— 'Colliery  Oitardian, 

**  Should  prove  a  vttds-tfucvm  to  Mining  Engineers  and  all  engaged  in  practical  work. 
—from  atui  Coal  TrtuUs  Revirw. 

LONDON:  CHARLES  GRIFFIN  ft  CO.,  LIMITED,  EXETEB  STREET,  STRAND. 


58  CHARLES  QRIFFIN  A  CO.'S  PUBLICATIONS. 

In  Large  8vo.     Second  Edition.     Price  i(k.  6d. 

Mine  Accounts  and  Mining  Book-keeping. 

For  Students,  Managers,  Secretaries,  and  others. 
With  Examples  taken  from  Actual  Practice  of  Leading  Comptmie^ 

BT 

JAMES  GUNSON  LAWN,  Amoc.R.S.M.,  Assoc. Mem.Inst.C.E.,  F.G.S.. 

ProfaMor  of  Mining  &t  the  South  Aftiean  School  of  Mine*.  Capetown. 

Klmberlex,  and  Johannesburg 

Edited  by  C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 

Professor  of  Mining,  Royal  School  of  Mines,  and  Examiner  in  Mining  to  the 
Board  of  Education. 

General  Contents.  >- Introduction. —Part  I.  Engagement  and  Pay- 
ment of  Workmen.— Part  II.  Purchases  and  Sales.— Part  III.  Working 
Summaries  and  Analyses.  Part  IV.  Ledger,  Balance  Sheet,  and  Company 
Books.— Part  V.  Reports  and  Statistics. 

*'It  seems  impoasibls  to  saggot  how  Mr.  Lawk's  book  ooold  be  made  more  oomPLn-a  er 
Bore  TALUABLS,  carefhl,  snd  exhaustive."— Jccounfafito  Magatine. 


Second  Edition.     Large  Crown  8to.     Handsome  Cloth.     With  over 
520  Illustrations  in  the  Text.     12s.  6d. 

PRACTICAL  COAL-MINING: 

A    MAKUAL     FOR     MANAGERS.     UNDER-MANAGERS. 
COLLIERY    ENGINEERS,     AND    OTHERS. 

With  Worktd-out  Problems  on  Haulage,  Pumping,  Ventilation,  dec. 
By   GEORGE   L.    KERR,    M.E.,    M.Inst.M.E., 

Colliery  Manager. 
'*An  R<t!*KNTiALLT  PRACTICAL  VTORK,  Rtid  cau  he  rniitldently  recommended.     No  department 


"ThlB  book  jrST  mbbtb  the  wants  of  Students  pivparing  for  the  Colliery  Managere' 

Uions.    I  hare  decided  to  use  it  for  our  claaseii  here.    .    .    .    We  have,  I  believe,  the  larfest 
anlnlng  clais  in  Great  Britain."— T7i«  Principal  of  a  Training  College. 


In  Crown  Svo.     Handsome  Cloth.     With  200  Illustrations.     Ss.  6d. 

ELEMENTARY   COAL-MINING; 

For  the  Use  of  Students,  Miners,  and  others  preparing 
for  Examinations. 

By   GEORGE   L.  KERR,  M.E.,  M.Inst.M.E., 

Author  of  "  Practical  Coal-Mining." 

Specially  designed  to  meet  the  Requirements  of  Students  attending 

Classes  on  Coal- Mining. 

"An  abundance  of  information  conveyed  in  a  jiopular  and  attractive  form.    .    .    .    Will  be 
of  great  u«e  to  all  who  are  in  any  way  intort'stcd  in  coal  mining."— Scottish  Critic. 

LONDON:  CHARLES  QRIFFIN  ft  CO..  LIMITED.  EXETER  STREET.  STRANa 


MiJ^INO  AND  METALLURGY.  59 

Ready  Immediately,     In  Croum  8vo.     Handsome  Cloth,     With 
Numerous  Illustrations, 

ELECTRICAL  PRACTICE  IN  COLLIERIES. 

By  D.  burns,  M.E.,  M.Inst.M.E., 

Oertiftcftted  Colliery  Manager,  and  Lecturer  on  Mining  to  the  County  Council  of  Lanark. 

Units  of  Meauurement,  Conductors,  &c. — The  Theory  of  the  Dyiiamo. — The 
Dynamo,  Details  of  Construction  and  Working. — Motors. — Lighting  Installa- 
tions in  Collieries.  —  Pumping  by  Electricity.  —  Electrical  Haulage.  —  Coal 
Cutting.— Miscellaneous  Applications  of  Electricity  in  Mines.— Index. 


With  Illustrations  and  Plates.     Handsome  Cloth, 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION. 

A  Text-Book  for  the  Use  of  Metallurgieta  and  Students  at 

Schools  of  Mines,  dc. 

By    JAMES    PARK,    F.G.S.,  M.Inst.M.M., 

Professor  of  Mining  and  Director  of  the  Otago  University  School  of  Mines ;  late  Directo. 

Thames  School  of  Mines,  and  Geolc^cal  Surveyor  and  Mining  Oeologiat 

to  the  Government  of  New  Zealand. 

English  Edition.      Thoroughly  Revised  and  Greatly  Enlarged  from  the 
Third  (1897)  (New  Zealand)  Edition.     With  additional  details  con 
ceming  the  Siemens- Halske  and  other  recent  proceseei. 
Contents.— The   Mac  Arthur  Process. — Chemistry  of  the  Process.— 
Laboratory  Experiments. — Control  Testing  and  Analysis  of  Solutions. — 
Appliances  for  Cyanide  Extraction. — The  Actual  Extraction  by  Cyanide. — 
Application  of  the  Process.— Leaching  by  Agitation. — Zinc  Precipitation 
of  Gold.— The  Siemens- Halske  Process. — Other  Cyanide  Processes. —Anti- 
dotes for  Cyanide  Poisoning. — Cyaniding  in  New  Zealand. 

"  Mr.  Park's  book  deserves  to  be  ranked  as  amongst  the  bbst  of  sziBTma  TRSATini 
OK  THIS  8UBJKCT."— J/tn<YV  JmimtU, 


Second  Edition.     With  Illustrations.    Cloth,  Zs,  6d. 

GETTING    GOLD: 

A  60LD-HININ6  HANDBOOK  FOR  PRACTICAL  MEN. 

By  J.    0.    F.    JOHNSON,   P.G.S.,    A.I.M.E., 

Life  Member  AustralMlan  Mine-Managers'  ABaociation. 
General  Contents.— Introductory :  Getting  Gold— Gold  Prospecting 
<Alluviid  and  General)— Lode  or  Reef  Prospecting — The  Genesiology  of  Gold- 
Auriferous  Lodes — Auriferous  Drifts — Gold  Extraction — Seconda^  Processet 
and  Lixiviation— Calcination  or  "  Roasting  *' of  Ores— Motor  Power  and  its 
Transmiwion— Company  Formation  and  Operations — Rules  of  Thumb :  Mining 
Appliances  and  Metnods— Selected  Data  for  Mining  Men— Australasian  Mining 
Regulations. 

"  PraotioUi  from  beginning  to  end    .    .    .    deals  thoron^hly  with  the  Prospsetlng; 
Sinking,  Crushing,  and  Extraction  of  gold."— Brit  AuatrtUcuian. 

LONDON :  CHARLES  ORIFFIN  ft  CO..  LIMITED.  EXETER  STREET,  STRAND. 


CHARLES  GRIFFIN  S  CO.'S  FUBLWATI0N8 


Packet  Size,  Strongly  hound  in  Leather,    Z$.  M, 

THE  MINING  ENGINEERS'   REPORT  BOOK 

AND  DIRECTORS'  AND  SHAREHOLDERS'  eUlDE  TO  MINING  REPORTS. 
Bt   EDWIN    R.   FIELD,   M.Inst.M.M. 

WItk  K/ctta  on  th$    Valuation  of  Mining   Property  and   Tabulating   RoportM,   Uffml 
lablOM,  Ac,  and  providod  with  detaohabto  blank  pag§*  for  MS.  Motet. 

An  ADXIKABLT  compiled  book  which  Mining  Engineers  and  Managen  will  fln4 
iT  UUFUL."— Jfinify  Joumai. 


In  Crown  8vo.     lUttetrated,     Fancy  Cloth  BoarcU.     4«.  6d. 

GOLD  SEEKING  IN  SOUTH  AFRICA: 

A  Handbook  of  Hints  for  intending  Explorers,  Prospectors, 
and  Settlers. 

By    THEO     KASSNER, 

Mine  Manaerer,  Author  of  the  Geological  Sketch  Blap  of  the  De  Kaap  Gold  Fields. 

With  a   Chapter  on  the  Agricultural  Prospects  of  South  Africa. 

AB8TSACT  OF  CONTENTS —HUtory.—C^eoIogT.—Protpecttng.— The  De  Kaap  Qoldflelda. 
— Komati  and  Swaziland. —Coat  of  Mining,  Native  Labour,  Ac.  — Lydenberg  Qoldflelds  — 
Zoutspanberg.— Witwatersrand.  — Other  Uoiddelds. —  Oeneral  cJonsiderations  —  Oon- 
olnsioDS.— A^icnltural  ProBpects,  Table*.  Index,  <fec. 

**A8  fascinating  in  its  way  as  anything  ever  penned  by  Jules  Verne.  Mr.  Kaaener 
manages  to  Impart  nis  informal  on  in  a  way  that  enables  him  to  be  nnderstanded  even 
of  the  dullest.'  —African  Commerce. 


TsimD  Edition.     With  Folding  Plates  and  Many  Dlnttrationt      368. 

A  PRACTICAL  TREATISE  ON  THE  ART  OF  EXTRACTING  METALS 
FROM  THEIR  ORES. 

By  J.  ARTHUR  PHILLIPS,  M.Inst.O.E.,  F.C.S.,  F.O.S.,  4o., 

And  H.  BAUERMAN,  V.P.G.S. 

General  Content8.  —  lUfraotory  Materials.  —  Fire-Clays.  —  Fuels,  kc  — 
AlnTnininm.  —  Copper.  — Tin.  —  Antimony.  —  Arsenic.  —  Zinc.  —  Mercniy.  — 
Bismuth.  -Lead.— Iron.— Cobalt.  -Nickel— SilTer,^Gold.—Platinmn. 

"Of  the  Thibd  Edition,  we  are  still  able  to  say  that,  as  a  Text-book  et 
MetaUnrgy,  it  ii  the  best  with  which  we  are  acquainted.*'— iS^iiMer. 

^  A  work  which  is  equally  valuable  to  the  Student  as  a  Text-book,  and  to  (ha 
praotioal  Smelter  as  a  Standard  Work  of  Reference.  .  .  .  The  Illustratioai 
HPt  admirable  examples  of  Wood  Engraving." — Ohemieal  If  ewe, 

LONDON:  CHARLES  GRIFFIN  «  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


METALLURQICAL  WORKS.  6i 

Sbgond  Edition.     In  Preparation,    In  Two  Volumta,  Large  Svo.     With 
Ifufneroue  Mape,  Plates,  and  Jlluatrations  in  the  Text,    Pries  45«. 

AND    ITS    PRODUCTS: 
ML  PRAcmcAi:^  rrREArriBE. 

By    Dr.     BOVBBTOW    BEDWOOD, 

F.a.S  E.,  F.I.C.,  AS8O0.B.G.S., 

AoB.  OoiT.  Mmil  of  the  Imp«rlal  RumUii  Technical  Societj:  M«m.  of  the  AmerioftB  Ohiiwleel 

Sodefej ;  AdTleer  to  the  Home  Office  and  to  the  Oonoratlon  of  London  under  the 

Petroleum  Acta,  Ac,  Ac. 

A8U8TBD  BT  GEO.  T.  HOLLOWAY,  F.LC,  Assoa  R.G.8.» 
And  Numerous  Contribiitora. 

(isnBAL  OoimiiTS  —I.  HlstorioaL— II.  Geologloal  and  Geographical  Dlitribntion  of 
Petroleum  and  Natur<il  Oae.— III.  Ohemio«l  and  Phveloal  Proportieo.— IV.  Origin  —V. 
Production.— VI.  Keflning— VII  The  ShaJe  Oil  and  Allied  InduRtriea.— VIII.  Transport, 
Storage,  and  Dietributlon.—lX.  Testine.— X.  Applioation  and  Uses —XI.  Legialation^at 
Home  and  Abroad.— XII.  Statietica.- Indbx. 

'*The  MOST  ooKFRBHTOSiYB  AND  ooHTBViBKT  ACCODVT  that  hai  yet  appeared  of  aglgantio 
industry  which  has  made  inoatcnluble  addiiions  to  the  comfort  of  cfrllised  man.'^— 2^ 
Timet. 

"  A  sPLBiroiD  coimiBxrriov  to  our  technical  literature.''— CAemica?  Neat. 


WUh  Plates  (One  Coloured)  and  Ill^ttratione.     Price  S$.  6d,  net. 

A     HANDBOOK     ON     PETROLEUM. 

FOR  INSPECTORS  UNDER  THE  PETROLEUM  ACTS, 

And  for  thoee  eoogaged  In  the  Storage,  Transport,  Distribution,  and 

Industrial  Use  of  Petroleum  and  its  Products,  and  of  Calcium 

Carbide.     With  suggestions  on  the  Construction  and 

Use  of  Mineral  Oil  Lamps. 

Bt    CAPTAIN    J.    H.    THOMSON, 

H.M.  Chief  Inspector  of  ExploBires, 

de.  boverton  redwood. 

Author  of  "  Petroleum  and  its  Producta." 

CovTiHTS.— I.  Introductory.— II.  Sourcee  of  Supply.— III.  Production.— IV.  ChemicalfPro- 
ducts.  Shale  Oil,  and  Coal  Tar.^V.  Flash  Point  and  Fire  Test.— VI.  Testings. —VII.  Existing 
Legislation  relating  to  Petroleum. —VIII. —IX. —Precautions  Necessary.— X.  Petaolenm  Oil 
Lsiaps.— XI.  Carbide  of  Calcium  and  Acetylene.- Appendices.— Irdsz. 

"  A  volume  that  will  enrich  the  world's  petroleum  literature,  and  render  a  senrice  to  the 
British  branch  of  the  indubtry.  .  .  .  BeJiable,  Indispensable,  a  brilliant  contribution."— 
PttroUum. 


THB  PETROLEUM  LAMP:  Its  Choice  and  Use.    A  Guide 

to  the  Safe  EmploymeDt  of  Mineral  Oil  in  what  ia  commonly  termed 
the  Paraffin  Lamp.  By  Caft.  J.  H.  Thomson  and  Dr.  Bovebton 
Redwood.    Popular  Edition,  lUastrated.     1  a.  net. 

'*  The  book  contains  a  great  deal  of  interesting  reading,  much  of  which  is  thoroughly  practical 
and  useful.  It  is  a  work  which  will  meet  every  puri>o8e  for  which  it  has  been  written.''— 
Petroleum. 

LONDON:  CHARLES  ORIFFIN  A  CO.,  IIMITEO.  EXETER  STREET.  STRANa 
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<!lrijKn's  Sfftallirrgital  Strus. 


STANDARD  WORKS   OF  REFERENCE 

FOR 

■eUllurgists,  Mine-Owners,  Assayers,   Manufaetoren, 

and  all  Interested  In  the  development  of 

the  Metallorgleal  Industries. 

EDITED   BY 

Sir  W.  ROBERTS-AUSTEN,  K.C.B.,  D.C.L.,  F.R.S., 

CHEMIST  AND  AUATSR  TO  THE  ROYAL  MINT*,  PROFESSOR  OF  METALLURGY  IH 
THE  ROYAL  COLLEGE  OF  SCIENCE. 

/m  Larg*  8v#,  Ha»uU«tm  Cloth.      With  IllustraiUm, 
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GOLD  (The  Metallurgy  of).  By  Thos.  Kirke  Rosb, 
D.Sc,  Assoc.  R.S.M.,  F.I.C.,  of  the  Royal  Mint.  Fourth  Edition. 
2 IS.     (See  p.  63.) 

IiBAD    AND    SILVER    (The    MetaUurgy   of).      By  H.  F. 

Collins,    Assoc. R.S.M.,    M.Inst. M.M.     Part  I.,   Lead,  i6s;    Part 
II.,  Silver,  i6s.     (Seep.  64.) 

IB  ON    (The   MetaUurgy  of).    By  T.    Turner,  A.R.S.M., 

F.I.C.,  F.C.S.     Second  Edition,  Revised.     i6s.     (Seep.  65.) 

STEEL     (The     MetaUurgy    of).       By   F.    W.   Harbord, 

ASSOC.R.S.M.,  F.I.C.,  and  J.   \V.    Hall,  A.M.Inst.,  C.E.      (Sec 
p.  65.)  [Ready  shortfy. 


IViU  be  PubUshfd  at  Short  Inittvab, 

HETALLUBGICAX  MACHINEBY  :  the  AppUcation  of 
Engineering  to  Metallurgical  Problems.  By  Henry  Charles  JenkinIi 
Wh.Sc.,  Assoc.  R.S.M.,  Assoc. M. Inst. C.E.,  of  the  Royal  College  of 
Science. 

ALLOYS.      By  the  Editor. 

*«*  Other  Volumes  in  Preparation. 
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Fifth  Edition,  thoroughly  Revised  and  considerably  Enlarged.     Large 

8vo,  with  numerous  Illustrations  and  Micro- Photographic 

Plates  of  different  varieties  of  Steel. 

An  Introduetion  to  the  Study  of 

BY 

Sir  W.  ROBERTS-AUSTEN,  K.C.B.,  D.C.L.,  F.R.S, 

Attociate  of  the  Royal  School  of  Mines :   Chemist  and  Assayer  of  the  Royal 
Mint;  Professor  of  Metallurgy  in  the  Royal  College  of  Science. 

Gbnbral  Contents.— The  Relation  of  Metallurgy  to  Chemistry.— Physical  Properties 
of  Metals.— Alloys.— The  Thermal  Treatment  of  Metals.— Fuel  and  Thermal  Measurements. 
— Materials  and  Products  of  Metallurgical  Processes.— Furnaces. — Means  of  Supplying  Air 
to  Furnaces.— Thermo- Chemisiry.—Tjrpical  Metallurgical  Processes.— The  Micro-Structure 
«f  Metals  and  Alloys. — Economic  Considerations. 

"  No  English  text-book  at  all  approaches  this  in  the  completeness  with 
which  the  most  modem  views  on  the  subject  are  dealt  with.  Professor  Austen*! 
folumt  will  be  invaluable,  not  only  to  the  student,  but  also  to  those  whoM 
knowledge  of  the  art  is  far  advanced." — Chemical  News. 


Fourth  Edition,  Revised,  Considerably  Enlarged,  and  in  part  Re-written. 

Including  the  most  recent  Improvements  in  the  Cyanide  Process. 

With  Frontispiece  and  numerous  Illustrations.    21s. 

THE  METALLURGY  OF  GOLD. 

BT 

T.  KIRKE  ROSE,  D.ScLond.,  Assoc.R.S.M., 

Auistant  Aasayer  of  the  Boyal  Mint, 

Oenbbal  CoNTBilTS.— The  Properties  of  Gold  and  its  Alloys.- Chemistry  of  Odd.— 
Mode  of  OccurreDce  and  Distribution.— Placer  Mining.— Shallow  Deposits.— Beep  Placer 
Mining.  —  Quartz  Crushing  in  the  Stamp  Battery.  —  Amalgamation.  —  Other  Forms  of 
Onishlng  and  Amalgamating.— Concentration.— Stamp  Battery  Practice.- Chlorination : 
Tba  Preparation  of  Ore.— The  Vat  Process.- The  Barrel  Process.- Chlorination  Practioe 
In  Particular  Mills.— The  Cyanide  Process.- Chemistry  of  the  Process.- Pyritic  Smeltlnff. 
—Hie  Refining  and  Parting  of  Odd  Bullion— The  Assay  of  Oold  Ores.- The  Assay  of 
Bullion— Economic  Considerations.— Bibliography. 

*  A  0i*ifPBSHBN8iVB  paACTiCAL  TRKATisx  on  thts  important  subject."— rA4  Titnu. 

'The  MOST  ooMPLKTB  deecTtption  of  the  ohlokikatioh  pkocbss  whioh  has  yet  been  pab- 
Uaiied."  -  Mining  J^umml. 

"Adapted  for  all  who  are  interested  in  the  Oold  Mining  Industry,  being  free  from  teoh- 
aioallties  as  far  as  possible  bnt  is  more  particalarly  of  yalue  to  those  engaged  in  th« 
tauliistry.*  —Cape  Timu. 
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Edited  by  SIR  W.  ROBERTS-AUSTEN,  K.C.R,  F.R.S.,  D.C.U 
In  Large  8vo.     Handsome  Cloth,     With  Illustration: 

In  Two  Volames,  Each  Complete  in  Itself  and  Sold  Separately. 

THE  METALLURGY  OF  LEAD  AND  SILVER. 

Bt  H.  F.  COLLINS,  A880C.R.S.M.,  M.Inst.M.M. 

Pa.]?t     I.— X^  E:  JL  13  : 

A  Complete  and  Exhaostive  Treatise  on  the  Manufekcture  of  Lead, 
with  Sections  on  Smelting  and  Desilverisation,  and  Chapters  on  the 
Assay  and  Analysis  of  the  Materials  involved.     Price  i6s. 

SuMMABT  07  CONTBNTS.— Sampling  and  Aasaying  Lead  and  Silver.— ProperttM  and 
Compounda  of  Lead.— Lead  Ores.- Lead  Smelting.— Reyerberatorles.-Lead  Smelting  in 
Heartha.— The  Boasting  of  Lead  Ores.- Blaat  Furnace  Smelting ;  Principlea,  Practice, 
and  Examples;  Products.— Flue  Dust,  its  Composition,  Collection  and  Treatment.— 
GosU  and  Losses,  Purchase  of  Ores.- Treatment  o  Zinc,  Lead  Sulphides,  DesilTerisation, 
Softening  and  Eeflning.— The  Pattinson  Process.— The  Parkes  Process.- Cupellation  and 
Refining,  4c,  &c. 

"A  THOROUOHLT  SOUND  and  useful  digest.  May  with  bvsrt  oohfidbhoh  be 
recommended."- Ifmin^  Journal. 


Pa.x*t     1 1.— S 1 1:.  V  E  R. 

Comprising  Details  regarding  the  Soarces  and  Treatment  of  Silver 
Ores,  together  with  Descriptions  of  Plant,  Machinery,  and  Processes  of 
Manufacture,  Refining  of  Bullion,  Cost  of  Working,  &c.     Price  16s. 

SumUiRY  OP  Contents.— Properties  of  Silver  and  its  Principal  Compounds.— Silver 
Ores.— The  Patio  Process.— The  Eazo,  Fondon,  Krohnke,  and  Tina  Processes.— The  Pan 
Process.— Boast  Amalgamation.— Treatment  of  Tailings  and  Concentration.— Eetorting, 
lielting,  and  Assaying.— Chlorodising-Boasting.— The  Augustin,  Claudet,  and  Ziervogel 
Processes.— The  Hypo-Sulphite  Leaching  Process.— Reflning.—Matte  Smelting.- Pyritie 
Smelting.— Matte  Smelting  in  Beverberatories.— Silver-Copper  Smelting  and  Beflning  — 
Index. 

"  The  author  has  focussed  A  large  amount  of  valuable  ikformation  into  a 
convenient  form.  .  .  .  The  author  has  evidently  considerable  practical  experience, 
and  describes  the  various  processes  clearly  and  well.  '—Mining  Journal. 
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Seoond  Edition,  Revised.    Price  16b. 

THE  METALLURGY  OF  IRON, 

By   THOMAS   TURNER.    Assoc.RS.M.,   F.l.C, 

FrofeMor  of  Metallurgy  in  the  University  of  Birmingham, 

In  hASGM   8yo»   Handsome   Cloth,   With   Nitmkbous    iLLUSTRATioini 

(many  fbom  Photoobaphs). 


emtral  Conttnts.^Bnij  History  of  Iron.— Modem  History  of  Iron.— The  Age  of  Steel 
-Chief  Iron  Ores.— Preparation  of  Iron  Ores  —The  Blast  Fnmaoe.— The  Air  osed  In  the 
Blast  Fnmaoe.— Reactions  of  the  Blast  Fomace.— The  Fuel  need  In  the  Blast  Furnace.— 
Slags  and  Fazes  of  Iron  Smelting.— Properties  of  Oast  Iron.— Foondry  Praotioe.— Wrooght 
Iron.<-Indirect  Production  of  Wrought  Iron.— The  Paddlinc  Process.— Farther  Treatment 
of  Wrought  Iron.  -  Corrosion  of  Iron  and  Steel. 

"  A  xoer  taluablb  summart  of  knowledge  relating  to  every  method  and  eiage 
in  the  mannfiustnre  of  cast  and  wrought  iron  .  .  .  rich  in  chemical  details.  .  .  . 
liZHAUSTiTE  and  THOBouoHLT  XJT-TO-DATK."— Bulletin  of  the  American  Iron 
and  Sted  Association. 

*'  This  is  A  DHUOHTriTL  BOOK,  giving,  as  it  does,  reliable  information  on  a  subject 
beeomiilg  every  day  more  elaborate.**— Co^icrv  Guardian. 

**A  THOSouoHLT  U8BFUL  BOOK,  which  brings  the  subject  up  to  DAxm.  Oi 
»KBAT  TALUB  to  thoss  engaged  in  the  iron  industry.**— 3finifi^  Journal. 


IN   AOTIVB  PREPARATION. 

New  Volume  of  the   "Metallurgical  Series." 

THE  METALLURGY  OF  STEEL 

By  F.    W.   HARBORD,   Assoc.RS.M.,   F.I.C., 

Oonsuiting  Metallurgist  and  Analytical  Chemist  to  the  Indian  Oovemment^ 

Royal  Indian  Engineering  College,  Coopers  HiU. 

Wtfk  nearly  350  Illustrations  Comprisino  Numerous  Diagrams 

or  Plant  and  Machinery,  reduced  from  Working  Drawings, 

AND  A  Section  on  Mill  Practice 

By    J.    W.    HALL,    A.M.Inst. C.E. 


METALLDRfiYcAL"  MACHiNERY : 

The  Application  of  Engineering  to  Metallurgloal  Problems. 

By  henry  CHARLES  JENKINS, 

Wh.Sc,  Assoc. R.S  M.,  Assoc. M.InsLC.E. 


*,*  For  Details  of  Works  on  Mining,  see  pages  55-59. 
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A    TEXT-BOOK    OF    ASSAYING: 

f9r  tk§  ym  of  StudonU,  MIno  Mtmagen,  Asoayen,  do. 
By  J.  J.  BERINGER,  F.I.C,  F.C.S., 

fvbttc  Aaalygc  for,  amd  Ltcbirer  to  tkt  liiauic  AmocmImb  of,  ConmaM. 

And  C.  BERINGER,  F.C.S., 

Lf  Chiof  Aai>yor  to  tkc  Rio  Tinte  Copper  Co»pof ,  Loadoa, 

WWi  MmeroM  Tables  and  lUustratioiM.      Crown  Sto.     Qotfa,  los.  6<L 

Eighth  Edition. 

Gbmbsal  Contbnts.  —  Pakt  I  —  Imtkoductokv  :  Manipvlation  :  SamtjiMc : 
Orfing ;  ColcalalioB  of  IUt«lt>— Lobormtory-books  aad  Reportt.  IIbthods  :  Dry  Onmr 
■etnc;  Wet  GrmTUMtaic- VohMiethc  Aanys:  Titrometnc,  Colocimettic,  Goaoaolno^ 
WeifkiBc  aad   Ueowiof     giegfH     TimiMiiM.  Fmiicinm,  flir      ^|ncifii  GrtTity 

Pabt  II.— Mktajls  :  Detection  and  Asaay  of  SiWer,  Gold,  Flatmum,  Mercury.  Copper, 
Lead,  T^aJlium,  Biamth,  ABtimony,  Iron,  Nickel,  Cobalt,  Zinc,  radaiw.  Tin,  Tunsstea, 
Titanium,  ilaaganese,  Clwoau«a^  ftc— EaitJu,  Alkaliei. 

Part  III.— Nom-Mbtals:  OxygoBaad  Oxides;  The  Halofaaa  SulphBr  and  Snl- 
pluitea-^AiMaic,  Photphonu,  Nitrof  en— SlUcoo,  Carbon.  Boton— Useful  Tables. 

"A  BBAiXT  MBKiTOBiovt  woBB,  that  auty  be  safely  depended  upon  tithar  far  systematic 
instruction  or  for  reference." — Nmimrt. 

"This  work  is  one  of  the  bbst  of  its  kind.  .  .  .  Contains  all  the  information  that 
the  Aaaayer  will  find  necessary  m  the  rMiaariaa  e/  aslnanJs. *— iTi^g wMwr. 


Sboond  Edition,   Revised,     ffaruUome  Cloth.     With  Numerous 
lUustrcUions.     6«. 

A      TEXT-BOOK      OF 

ELEMENTARY   METALLURGY. 

Including  the  Author's  Practical  Labobatort  Coumn. 
By    a.    HUMBOLDT    SEXTON,    F.I.C,   F.C.S., 

ProfdMor  of  Motallurgy  in  the  Glasgow  and  Wast  of  Sootlaiid  Technical  Collef^e. 

GENERAL  CONTENTS.— Introdacdon— Properties  of  the  Metmb— CombuetioB 
— Fneli— Befractorj  Materials— Fnmacea— Occurrence  of  the  Metala  in  Natore— Pre- 
oaration  of  the  Ora  for  the  Smelter — Metallurgical  Proceaaes— Iron :  Preparation  of 
Pifl!  Iron— Malleable  Iron— Steel— Mild  Steel— Copper— Lead— Zinc  and  Tin— Silver 
—•Gold— Mercury— AIloTS — Applications  of  Elbctricitt  to  Metallurgy — Laboba- 

^OHT   CoUReB   WFTH   MCMBROUS   PRACTICAL   EXBRCIBBS. 

**  Just  the  kind  of  work  tor  Students  commrncibo  the  study  of  Metal - 
lurrr,  or  for  Emoibbbrdcg  Students  requiring  a  obbbral  krowlbdgb  of  it,  or 
fer  Emoibbbbs  in  practice  who  like  a  handy  work  of  rbferbncb.  To  all  three 
elasae*  we  ubartilt  commend  the  work,"— Practical  Engineer. 

**  ExoBLLBBTLT  got-up  and  wbll-arrabobd.     .     .     .     Iron  and  copper  well 

S leaned  by  bzobllbnt  diagrams  showing  the  stages  of  tiie  process  from  start  to 
ih.     .     .    .     The  most  novbl  chapter  is  that  on  the  many  changes  wrought 
in  Metallurgical  Methods  by  Elbctricitt."— CAemica^  Trade  Journal. 

'*  Posssssss  the  obbat  adyantaor  of  giving  a  Goursr  of  Practical  Wobb." 
— Mming  Journal. 
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In  Lcwgt  Crown  8vo,     With  Nutnerotu  lUuntrcUions,     8s.  6d. 

The  Art  of  the  Goldsmith  and  Jeweller 

A  Manual  on  the  Manipulation  of  Gold  in  the  Various 
Processes  of  Goldsmith's  Work,  and  the  Manu- 
facture of  Personal  Ornaments.    For 
Students  and  Practical  Men. 

By    THOS.-  B.    WIGLEY, 

Seftdmuter   of    the   Jewellers   and    SilvenmithB'   Aflsociiitlon   Technical 
School,   Birmingham. 

ASSI8TSD  BT 

J.    H.    STANSBIE,    B.Sc.  (Lond.),    F.I.O., 

Lecturer  at  the  Birmingham  Municipal  Technical  School. 

Otnxral  Ctrii!entM.  —  U\U'^\:\'it.>t.  T\.-  '.jiifiiE  >  M.Si.Mii.i :,  r  Ar'  11,*  M- TilMirKT  tsf  Qold. 
-Pricffi  111  Gf«H  SilTP-r.  ,t.-  lT-|.*i.-ii  (,  ii  \\i-\  .  ."il-'iliii.-  i.r  i,..Ui  Ri.iKhi;  xu-]  8lllUnt  nf 
(l<j|[i,— 111*  Worlinboili  *lii.]   [■"■  '       irj  i.^'n.'K-  Wiri-    I'r.'UFnjL:   -■*i:ilLi:f.ntijri-  ni  i.\^\ -'•ut\^\  OTDATOmjltt 

Imrf  »|]il  li^»  RfdvAi  — Etni»can  Work.  ^HAnafictEire  uf  Gold  Ct|:ilQii,^F£Si.'iooj]  Hx^nf^-— 
CuiLHO):!  DL&iuonth  i^nii  otlurr  Ptwolmu  Gftmfl. — VttiiAidnii  sulI  FlDifthlnfr  — CkLMLnir,  E»itM}Mlzi|, 
■.nit  lU-iHimvi^  Wi>ri,— Tho  Colciuribgr  KUd  Fiblthliu  of  Article*  tif  Jewt^Urrr.— KtifttncEhu^:  Ite 

lU  OrfeiD^  Hi^iMrr.  »DiI  Pruei.^£«i«,— Mon  Idi&fl;  Uid  C^uitay  uT  Urnhtiiealq^  Ac.— FTutQi,  &4  — 
Itemiert  '^f  tLi-  Pr^^tiuna  Meuln  rrutii  thit  Wftnte  PreMluctt.--EeOntbtf  Scut  el  i»i4  AaurlQff  B«mil 
B«ti— Gliding  4tiLl  EWtro  Lhrpa^iti^D— Ha|3  HtrklDif  HoUi  »nd  SBrer  PktE>--MiHiil1iiflWtt* 


In  Large  Svo.     HaDdsome  Cloth.     Price  48. 

fiOANTlTATIYE  METALLURGICAL  ANALYSIS. 

FOR   LABORATORY   USE. 
By  J.  JAMES    MORGAN,  F.O.S., 

Member  Soc  Chem.  Indnttry,  Member  Cleyeland  Inntitute  of  Engineers. 

Summary  op  Contents. — Iron  Ores.— Steel.— Limestone,  &c.— Boiler  In- 
enutations,  Clays,  and  Fire-bricks.— Blast  Furnace  Slag.  &c. — Coal,  Coke, 
and  Patent  Fuel— Water.— Gases.— Copper.— Zina— Lead.— Alloys.— White 
Lead.— Atomic  Weights.— Factors.-Reagents,  &c. 

%*  The  aboTe  work  contains  seyeral  novel  raATnacs,  notablv  the  extension,  to  quanti- 
tative analysis,  of  the  pkhvoiplks  or  'Gsolp'  Skparations,  hitherto  chiefly  confined  to 
Qoalitatiye  uork,  and  will  be  found  to  facilitatb  obkatlt  the  operations  of  OamosTS, 
Amsatkbs,  and  others.— Pu6/MA«r'«  Aote. 

"The  Author  may  be  coMGMATinjiTKD  on  the  way  his  work  has  been  carried  out"— 
Th$  Bnoin«er. 

**  Will  ooMMKWD  rrsKLT  highly  in  Laboratory  Practice.  Its  olbasnbss  and  PBaouio* 
mark  the  book  out  as  a  highly  useAil  one."— Mining  Journal. 
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Second  Edition,  Revised,  Enlarged,  and  in  part  Re- written. 

W^ith  Additional  Sections  on  Modern  Theories  of   Elect kolysis 

Costs,  Ac.     Price  10s.  6d. 

A  TREATISE   ON 

ELECTRO-METALLURGY: 

Bmbraoing  the  Application  of  Electrolysis  to  the  Plating,  Depositinjr. 

Smelting,  and  Refining  of  various  Metals,  and  to  the  Repro- 

ilnction  of  Printing  Snr&ces  and  Art- Work,  ^. 

BY 

WALTER  G.  McMillan,  f.lc,  f.o.s., 

Sec  etary  to  ike  Inttitution  of  Eleetrical  Enqineert ;  late  Lecturer  in  MetaUwrgy 
<U  Mason  College^  Bxrmirvjhain, 

With    numerous    Illustrations.         Large  ^Crown    8vo.        Cloth 

*'  Ihis  excelleut  treatise,     .     .     .     one  of  the  best  and  most  oompleti 

aianuals  hitherto  published  on  Ellectro- Metallurgy." — Eleetrical  Review. 
•*  This  work  wrill  be  a  standard,"— Jeweller. 
'*  Any    metallurgical  process  which   reduces  the  cost  of  production 

must  of  neooMsity  prove  of  great  commercial  importance.     .     .     .     We 

recommend   this  manual  to  a.ll  who  are   interested  in  the   pbactioal 

LPPLIOATTOV  of  electrolytic  processes.'* — Nature. 


Cn  large  8vo.      With  Numerous  Illustrations  and  Three   Poldinjir.  PUtes. 

Price  21b. 

ELEOTB.IO  SIELTOa  &  REi'in]i[&: 

A  Practical  Manual  of  the  Extraction  and  Treatment 

of  Metals  by  Electrical  Methods. 

Being  the  **  Elektro-Metajxuroie  "  of  Dr.  W.  BORCHERS. 

Translated  from  the  Second  Edition  by  WALTER  G.  McMILLAN. 
F.I.C.  F.C.S 


CONTENTS. 

Part  I. — Alkalies  and  Alkaline  Earth  Metals:  Magnesium, 
Lithium,  Beryllium,  Sodium,  Potassium,  Calcium,  Strontium,  Barium, 
the  Carbides  of  the  Alkaline  Earth  Metals. 

Part  II. —The  Earth  Metals:  Aluminium,  Cerium,  Lanthanum, 
Didymium. 

Part  IIL — The  Heavy  Metals  :  Copper,  Silver,  Gold,  Zinc  and  Cad- 
mium, Mercury,  Tin,  Lead,  Bismuth,  Antimony,  Chromium,  Molybdenum, 
Tungsten,  Uranium,  Manganese,  Iron,  Nickel,  and  Cobalt,  the  Platinum 
Group. 

'  COMPRBHEMSIVB  and  AUTHCRITATIVB     ...     not  only  FULL  of  VALUABLE  DrVOR- 

MATION,  but  giver*  evidence  of  a  thorouoh  imsioht  into  the  technical  value  and 
POSSIBILITIES  of  all  the  methods  diBcussed."— 7A«  Electrician. 

"  Dr.  BOROHERS'  WBLL-KNOWN    WORK     .     .     .     must  OF  NBCE8SITT  BE  ACQUIRED  \ff 

eTeryone  interested  in  the  subjeci.    Excellently  put  into  English  with  additional 
natter  by  Mr.  McMillan."— Aoturc. 
"  Will  be  of  GREAT  SERViCK  to  the  practical  man  and  the  Student."— JReetris  SmeWmi. 
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§9.  Grin's  Ghemical  imd  Technological  Pnblications. 

For  MeUMwrgy  and  ElectTO-Metallurgy,  see  previoua  Section. 
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TO  CHARLES  ORIFFIN  Jt  OO.'S  PUBLWATIOlfa. 

A  SHORT  MANUAL   OF 

INORGANIC  CHEMISTRY. 

A.   DUPR^.  Ph.D.,  F.R.S., 

AND 

WILSON    HAKE,  Ph.D.,  F.I.O.,  F.C.S., 

Of  tke  Westaiiiuur  Hospital  Medical  School 

Third  Edition,  Rerised,  Enlarged,  and  brought  up-to-date.     Price  9s.  net. 

**  A  w«M-written,  clear  and  aocunte  Elementanr  Manual  of  Inoiipnic  Chemisiry  .  .  . 
We  agree  keartily  with  the  lyacem  adepted  by  Dra.  DiiM  ond  Hake     Will  makb  ExrBW> 

MBNTAL  WOKK  TWiBLV  INTBKBSTING  BBCAU8B  mTWLLLGl%\Jm."—SatUrtlay  RttmW 

"There  is  no  question  that,  given  the  PBBrBcr  gboumding  of  the  Student  in  hi;  ^ciyo^ 
Ihe  reaaainder  cohms  afterwards  te  ^lim  in  a  sMnner  much  more  simple  and  easily  ■rqwiraa 
The  werk  u  an  bzamplb  or  thb  abvantagbs  of  thb  Systbmatic  TssATiaMT  mi  % 
Sdanoe  orer  the  frafBientaiT  style  so  generally  followed  Bt  a  long  way  thb  sarr  af  the 
«Mall  Manuals  for  Studenta.'^— ^im/j««. 


LAfiORATORT  HAHDBOOES   BT  A.  HUMBOLDT   SEZTOM, 

ProfMBor  of  Metallurgy  in  the  Glaagow  and  West  of  Scotland  Technical  College 

OUTLINES    OF    QUANTITATIVE    ANALYSIS. 

FOR  THB  USB  OF  STUD  BATS, 

With  lUustratioiui.     Fourth  Edition.    Grows  8to,  Cloth,  d» 
**  A  ooMTAOT  laboratory  ouidb  for  beginDem  was  wanted,  and  the  want  haa 
batn  WRL.L  surrUBD.     ...     A  good  and  oaefoJ  book."— ZaticeC 

OUTLINES  OF   QUALITATIVE   ANALYSIS. 

FOR  THB  USB  OF  STUDBNTS. 

With  lUaitrations.    Third  Edition.    Crown  8to,  Cloth,  3«.  6d. 

"  The  work  of  a  thorooghlj  practical  chemist." — BriUth  Medical  Journal. 
M  Oompiled  with  great  care,  and  will  snpplj  a  want."— Journal  of  EduoaOoiL 

EI^EMENTARY   METALLURGY: 

[nolnding    the   Author^i  Practical  Laboratory  Course.      With  many 
Illustrations.  [See  p.  66. 

Sbgond  Edition,  Revised.     Crown  8vo.    Cloth,  6». 
"Jul  the  kind  of  work  for  students  commencing  the  stodj  of  metaliiif|y.''~ 
Fraetieal  Mngineer. 
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CHEMISTRY    FOR    ENGINEERS 
AND    MANUFACTURERS. 

A  PRACTICAL  TEXT-BOOK. 

BY 

BERTRAM   BLOUNT,    and  A.  G.  BLOXAM, 

F.I.Oi.  F.C.S.,  AMoc.Iiigt.O.E.,  F.I.O.,  F.C.S., 

OoDioltinff  Chemist  to  the  Grown  Agents  for  Consulting  Chemist,  Head  of  the  Chernktiy 

the  Colonies.  Department.  Goldsmiths'  Inst.. 

New  Cross. 

In  Two  Vols.,  Large  8to.     With  Illastrations.     Sold  Sepantely. 


"The  authors  have  saccssDiD  beyond  all  expectations,  and  have  produeed  a  work  whieh 
should  glre  FassH  powsb  to  the  Engineer  and  Manufacturer."— 2%<  Timn. 


CHEMISTRY  OF  ENGINEERING,  BUILDING,  AND 

METALLURGY. 

Otneral  Con^entA.— HVTBODUCTION— GHemlBtry  of  the  Chief  Matarlmlt 
of  Gonitmotlon— Souroas  of  Energy— Ohamlstry  of  Steam-ralslng— Chemis- 
try of  Lubrloatlon  and  Lubricants— MetallurglcaJ  Processes  used  In  the 
Winning  and  Manufacture  of  Metals.  « 

"  PSACTIOAL  THROOGHOUT     .     .  an  ADMIBABLB  TBXT-BOOK,  UBsftll   UOt  OUly  tO  BtudeotS, 

but  to  B."rGiKBBB8  and  Mamaobrb  or  wobkb  In  pbbtbiitixo  wastb  and  ixpbotibo  pbocbssbb."— 
Boottman. 

"  Bxibbrtlt  pbactioal.'— GIasitoio  HtraUL 

"  A  book  worthy  of  biqh  bank  ...  its  merit  is  great  .  .  .  treatment  of  the  suhfeel 
•f  tfASBOus  FOBL  particularly  good.  .  .  .  Watbb  oas  and  the  production  clearl/  worked  out. 
.  .  .  Altogether  a  most  creditable  production.  Wb  wabmlt  bbcommbztd  iv,  and  look  forward 
with  keen  Interest  to  the  appear^noe  of  Vol.  U."— Journal  of  Oat  Liahting. 

THE    CHEMISTRY    OF    MANUFACTURING 

PROCESSES. 

Oeneral  Contents.  —Sulphuric  Add  Manufacture— Manufacture  of  llkali, 
JBc—Destructlre  Distillation -Artlfldal  Manure  Manufacture— Petroleum 
— Ume  and  Cement— Clay  Industries  and  Qlass— Sugar  and  Starch— Brewing 
and  Distilling— Oils,  Beslns,  and  Varnishes— Soap  and  Candles— Textiles 
and  Bleaching  —  Colouring  Matters,  Dyeing,  and  Printing  —  Paper  and 
Pasteboard— Pigments  and  Paints— Leather,  aiue,  and  Site— BxploslTee 
and  Matches— Minor  Chemical  Manufactures. 

"  Certainly  a  good  and  nsBrui.  book,  constituting  a  niAcnoAi.  ouidb  for  studenlB  hj 
affording  a  clear  conception  of  the  numerous  processes  as  a  whola'*— CA«mfea/  Trmm 
Journal. 

**We    COMFIDBMTLT    BBOOMKBND    this    TOlumO    9A   B    PBACTIOAL,    BUd    DOt    OTerlOBd«d, 

nxT-BOOK,  of  OBBAT  TALUB  to  Students."— 2%s  Butldtr. 
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WORKS  BY  A.  W7NTER  BLYTH,  M.R.aSM  F.C.S., 

ftwrtii^  >l  Lftw,  PmbUo  Analyst  for  the  Oounty  of  Doyon,  and  Madlcal  Offlow  of  Htattb  (br 

Bl  MuTtobona. 

FOODS: 

THEIR  COMPOSITION  AND  ANALYSIS. 

Id    0«my  8to,  with  Elaborate  Tables,  DiagramB,  and  Plates.     HandaoiiM 
Cloth.     Fifth   Editioi^,  Thoroughly   Revised, 

Enlarged,  and  Re-written.  [At  Pbesb. 

aSNSRAL  CONTENTS. 
History  of  Adulteration — Legislation,  Past  and  Present — Apparatus 
osefnl  to  the  Food- Analyst — "Ash" — Sugar— Confectionery— Honey — 
TrsAole— Jams  and  Preserved  Fruits— Starches — Wheaten-Flonr— Bread 
— Oats— Barley— Rye  —Rice  —  Maize  —  Millet  —  Potato— Peas— Chins— 
Peas  —  Lentils  —  Beans  —  Milk  —  Cream  —  Butter  —  Oleo-Marmrine  — 
Bntterine— Cheese — Lard — Tea— Coflfee— Cocoa  and  Chocolate— ^cohol — 
Brandy — Rum  -Whisky —Gin — Arrack — Liqueurs  — Absinthe — Principles 
sf  Fermentation  —  Yeast  —  Beer  —  Wine  —  Vinegar — Lemon  and  Lime 
Juice — Mustard— Pepper— Sweet  and  Bitter  Almond— Annatto—01iT« 
Oil  —  Watbr  —  Standard  Solutions  and  Reagents.  Appendix:  Text  of 
Bairlish  and  American  Adulteration  Acts. 

PRESS  NOTICES  OP  THE  FOURTH  EDITION. 

"^mplT  nroisPBHBAXLB  in  the  Analyst's  laboratory."— 7%«  LaneH. 

"lln  Btjlhdasd  work  on  the  subject.  .  .  .  E^ery  chapter  and  every  pafre  gl^«a 
abudant  proof  of  the  strict  rsTision  to  which  the  work  has  been  subjected.  .  .  .  lUs 
MOtiononMiLKis,  we  believe,  the  most  exhaust  Tentudy  of  the  subject  extant  ,  .  km 
oroiBPaxsABU  mamual  for  Analysts  and  Medical  Officer*  of  Health."— jPuA/«e  Health. 

'*  A  new^dition  of  Mr.  Wynter  Blvth's  Standard  work,  kkbicbbd  wrre  all  thx 
'•Moovaaas  aid  iMPBOTsMum,  will  be  accepted  as  a  hooxL*'—Cfumical  Ntntt. 


POISONS: 

THEIR  EFFECTS  AND  DETECTION. 

iHimD  Edition.      In  Large  8vo,  Cloth,  with  Tables  and  IllnstratioBS. 
Price  21s. 

aXNSRAL  CONTENTS, 
i .  — Historical  Litroduction.  II. — Classification — Statistics — ^Conneotiea 
between  Toxic  Action  and  Chemical  Composition — Life  Tests — General 
Method  of  Procedure— The  Spectroscope — Examination  of  Blood  and  BleodI 
Stains.  III. — Poisonous  Gases.  IV. — Acids  and  Alkalies.  V. — Mera 
•r  less  Volatile  Poisonous  Substances.  VI. — Alkaloids  and  Poisonous 
Vegetable  Principles.  VII. — Poisons  derived  from  Living  or  Dead  Animal 
Substances.  Vlll. — The  Oxalic  Acid  Group.  IX. -Inorganic  Poisons. 
Appa^ix :  Treatment,  by  Antidotes  or  otherwise,  of  Cases  of  Poisoning. 

"  Undoubtedly  thb  most  oowpLxn  woax  on  Tozleolocy  in  oar  langnafre."— 2%«  ^furiyii  (tm 
tk»  Third  B4iHon). 

"As  a  rBACTiCAL  auiDB.  ws  know  no  sima  work."— 3  he  Lancet  (on  the  Third  FditUmJ 
V  Ib  the  Thieo  Bninoii,  Enlarged  and  partly  Re-written,  Niw  Ahalttical  Mkhom  have 
ta«B  latrodnoed,  and  the  Oadatseig  ALXAboins,  or  Ptomaihis,  bodies  playing  so  great  a  -art  to 
Pwwl  yeiSMiIng  and  in  the  Manifsstatiens  of  Disease,  ha^e  receiTed  speeia)  attentton. 
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With  Numerous  Tables,  and  22  Illustrations.     i6s. 

DAIRY   CHEMISTRY 

FOB   DAIRY    MAHA6ERS,    CHEMISTS,  AND    ANALYSTS 

A  Practical  Handbook  for  Dairy  Chemists  and  others 
having  Control  of  Dairies. 

By   H.   droop   RICHMOND,   F.CS., 

CHBMIST  TO  THB  AYLESBURY  DAIRY  COMPANY. 

Contents,— I.  Introductory.— The  Constituents  of  Milk.  II.  The  Analysis  of 
Milk.  III.  Normal  Milk :  its  Adulterations  and  Alterations,  and  their  Detection. 
IV.  The  Chemical  Control  of  the  Dairy.  V,  Biological  and  Sanitary  Matters. 
VI.  Butter.  VII.  Other  Milk  Products.  VIII.  The  Milk  of  Mammals  other 
than  the  Cow. — Appendices. — Tables. — Index. 

"  .  .  .  In  our  opinion  the  book  is  tlw<:  best  contribution  on  tub  subject  that 
HAS  YBT  APPEARED  in  the  English  language." — Lancet. 

"  The  author  has  succeeded  in  putting  before  the  reader  a  complete  book  on  Dairy 
Chemistry.  It  forms  a  complete  r^umi  of  theoebtical  and  practical  knowledgb, 
written  in  easy,  intelligible  language."— T'A*  Analyst, 


In  Large  8to.     Handsome  Cloth.     With  numerous  lUustrations. 
Vol.  I.    Complete  in  Itself.     Price  15s. 

[Part  I.,  Vol.  II.,  a%  Pr€8$. 

TECHNICAL  MYCOLOGY: 

THE     UTILISATION    OF    MICBO-OBGANISMS    IN    THE 
ARTS    AND    MANUFACTURES. 

A  Practical  Handbook  on  Fermentation  and  Fermentative  Proceaaea  for  the  Uae  of 

Brewera  and  DtatUlera,  Analyata,  Technical  and  Agricultural  Chemlata, 

and  all  Interested  in  the  Industries  dependent  en  Fermentation. 

By    Dr.    FRANZ    LAFAR, 

Prof«nor  of  Fermentation-PhyBlology  and  (Bacteriology  in  the  Technical 
High  School,  Vienna. 

With  an  Introduction  by  Dk.  EMIL  CHR.  HANSEN,  Principal  of  the 

Carlsberg  laboratory,  Copenhagen. 

Translated   by   CHARLES   T.    C.    SALTER. 

"Th  flrflt  work  of  the  kind  which  ean  lay  claim  to  completenesB  In  tha  treatment  of 
a  fascinating  subject.  The  plan  is  admirable,  the  clasaifloatlou  simple,  the  style  is  good, 
and  the  lendency  of  the  whole  Tolome  is  to  conyey  sure  information  to  the  reader."— 


*'  We  cannot  sufficiently  praise  Dr.  Lafar's  work  nor  that  of  his  admirable  translator. 
No  brewer  with  a  loTe  for  his  calling  ean  allow  snoh  a  book  to  be  absent  from  hia  library.*' 
•^Brneer's  Journal,  New  York. 

*,*  I  He  publishers  trust  that  before  long  they  will  be  able  to  present  BnpBsh  readers 
with  the  whole  of  the  second  Tolume,  arrangements  haying  been  concluded  whereby,  upon 
its  appearanee  in  Oermany,  the  English  translation  will  be  at  once  put  in  hand.  This  is  now 
being  done  with  Part  I.,  whic  will  b  *  issued  shortly,  and  which  will  be  followed  by  the 
two  final  parts. 
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Crown  8vo,   Handiome   Qotb*      Fully  Illustrated.      los.   6d. 

FLESH    FOODS: 

With  Methods  for  their  Chemical,  Microscopical,  and  Bacterio- 
logical Examination. 
A  Praotioai  Handbook  for  Medioal  Men,  Anaiyata,  inspectors  and  others. 
By  C.  AINSWORTH  MITCHELL,  B.A.(Oxon), 

Fellow  of  the  Institute  of  Chemistry;  Member  of  Council,  Society  of  PubUc  AiuJysts. 

With  Nunuroui  TabUi,  IllustnUions,  and  a  Coloured  Plate, 
Contents. — Structure  and  Chemical  Composition  of  Muscular  Fibre,— or 
Connective  Tissue,  and  Blood.—  The  Flesh  of  Different  Animals.— The  Examina- 
tion of  Flesh.— Methods  of  Examining  Animal  Fat. — The  Preservation  of  Flesh. 
—  Composition  and  Analysis  of  Sausages. — Proteids  of  Flesh. — Meat  Extracts  and 
Flesh  Peptones.— The  Cooking  of  Flesh.— Poisonous  Flesh.— The  Animal  Para- 
sites of  Flesh. — The  Bacteriological  Examination  of  Flesh. — The  Extraction  and 
Separation  of  Ptomaines.— Index. 

*•*  This  work  is  a  complete  compendium  of  the  chemistry  of  amimal  tissues.  It  cod- 
tauns  directions  for  the  detection  of  morbid  conditions,  putrefactive  changes,  and  poisonoiu 
or  injurious  constituents,  together  with  an  account  of  their  causes  and  effects.— PitUMetrt' 

**  A  coapUation  which  will  be  most  useful  for  the  class  for  whom  it  is  intended."— .^^ftcfunvm. 
"  A  book  which  NO  ONE  whose  duties  involre  considerations  of  food  supply  CAN  ATPOKO  TO  8B 
wriHOUT.'  —Muniei/al  y»umat. 


Just  out.     In  Crown  8vo,  Handsome  Cloth.     Price  Ts.  6d.  net. 

FERMENTS 

A  Text-book  on  the  Chemistry  and  Physics  of  Fermentative  Changes, 
By    carl    OPPENHEIMEK,    Ph.D.,    M.D., 

Of  the  Phyaiological  Institute  at  Erlangon. 

Translated  from  the  German  by 

C.    AINSWORTH   MITCHELL,    B.A.,  F.LC,   F.C.S. 

Abridged  Contents.— I.  Introduction.— II.  Definition  of  a  Ferment.— III.  Chemical 
Nature  of  Fennents.— IV.  Influence  of  External  Factors.— V.  Mode  of  Action. — VI. 
PhyBiological  Action  of  FermentB— VII.  Secretion  of  Ferments.— VIII.  Importance  of 
Ferments  to  Vital  Action.— IX.  Proteolytic  Ferments.— X.  Trypsin.- XI.  Bacteriolytic 
and  Hsemolytic  Ferments.— XII.  Vegetable  Ferments.— XIII.  Coagulating  Ferments.— 
XIV.  Saccharifying  Ferments.— XV.  Animal  Diastases.— XVI.  Polj'saccharidea.— XVII. 
Enzymes.- XVIII.  Ferments  which  decompose  Glucosides.— XIX.  Hydrolytic  Fermenta. 
—XX.  Lactic  Acid  Fermentation.— XXI.  Alcoholic  Fermentation.— XXII.  Biology  of 
Alcoholic  Fermentation.— XXIII.  Oxydases.— XXIV.  Oxidising  FermentatioD.— Bibli- 
ography.—Index. 

The  present  Translation  embodies  Notes  and  Additions  to  the  Work 
made  by  the  Author  subsequent  to  its  Publication  in  Germany. 

*'  Will  be  a  valuable  addition  to  the  library  of  every  institution  where  the  work  touches 
the  vast  series  of  pbenomena  (allod  ferm'^entations.  whether  In  pathology,  commeroo, 
or  «cienilflc  research  "     The  Athtntevn. 

**  Such  a  veritable  muttum  in  parvo  hns  never  yet  appeared.  The  author  haa  aet  himaalf 
the  task  of  writing  a  work  on  Ferments  that  nhould  embrace  human  emdiiion  on  the 
subject " — Brewers  Journal 
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In  Large  Svo.     Handsome  Cloth.     Price  218. 

THE   PRINCIPLES   AND    PRACTICE   OF 

BREWING. 

FOR  THE  USE  OF  STUDENTS  AND  PRACTICAL  MEN. 

BT 

WA.LTER  J.  SYKES,  M.D.,  D.RH.,  F.LC, 

XDITOB  OF  "TBI  ▲MALT8T.'* 

With  Plate  and  Illnstrationi. 
ABSTRACT   OP   CONTENTS. 

I.  Physical  Principles  involved  Fermentation, 

in  Brewing  Operations,  m.  Water. 
Chemistry  with  special  re-  Barley  and  Malting, 

ference  to  the  materials  Brewfng^    ^" 

used  in  Brewing.  Beer  and  its  Diseases. 

II.  The  Microscope.  i  Appendices. 

Vegetable  Biology.  Index. 

**  A  Yolume  of  Brewing  Science,  which  hM  long  heen  awaited.  .  .  .  We  conilder  It  one 
•f  THB  HOST  COMPLBTB  In  co.MTBRTg  and  HOYXL  IH  ARBA50BMXKT  that  has  jet  been  pQbllthed. 
.    .    .    Will  command  a  large  Bale."— TA«  Bretoera'  Jowmal, 

"The  appearance  of  a  worlc  such  aa  thia  serves  to  remind  oa  of  the  BnoRVOVSLT  bapid 
ABTAHOBs  made  in  our  knowledge  of  the  Scientific  Principles  underlying  the  Brewing  Processes. 
...  Dr.  Sykes'  work  will  undoubtedly  be  of  the  obbatbst  AasiSTAHCB,  not  merely  to  Brewers, 
but  to  all  Chemists  and  Biologists  interested  in  the  problems  which  the  Fermentation  industries 
prssent."— Tft«  Analytt. 

"  The  publication  of  Db.  Stkbb'  mastbblt  tbbatisb  on  the  art  of  Brewing  is  quite  an  event 
In  the  Brewing  World.  .  .  .  Deserves  our  wannest  praiM.  ...  A  better  guide  than  Dr. 
8ykst  sould  hardly  be  found."— CounXy  Brewers'  OautU, 


In  Large  8yo.     Handsome  Cloth. 

AGRICULTURAL  CHEMISTRY  AND  ANALYSIS : 

A  PRACTICAL  HANDBOOK  FOR  THE  USE  OF  AGRICULTURAL  STUDENTS. 

BY 

J.    M.   H.    MUNKO,    D.Sc,    F.LC,    F.C.S., 

Professor  of  Chemistry,  Downton  College  of  Agriculture. 

[In  Prtpatation, 
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Sboohd  Edition,  Rbviskd  and  Enlarged. 

With  Tftbl68,  lUmtntions  in  the  Text,  and  37  Lithographic  Plattt.     Mediam 
Sto.     Handfome  Qoth.     30s. 

SEWAGE  DISPOSAL  WORKS : 

A  aiiide  to  the  Construetion  of  Works  for  the  Preyentioii  of  the 
Pollution  by  Sewafire  of  Rivers  and  Estuaries. 

By    W.  SANTO    CRIMP,    M.Inst.C.E.,    F.G.S., 

,  Loikdoo  CMBty  CounciL 


PART  1.— iNTSODUCTORT.      PART    II.— SSWAOE    DlWOCAL    WOBKS    IN 

Ofbkation— THsn  CoNmtvcnoN,  Maintbnancb.  and  Cost. 

%*  From  ttM  CmK  •(  Um  Antkox^s  kairing,  for  tome  j^axh,  had  chane  at  che  Ma& 
•raiMf  a  Works  of  iha  Nortkoni  Socliao  of  tk«  MatropoUs,  tka  chapter  on  LonboK  will  be 
foiui  to  QOtiin  aaajr  tnportaat  dalalU  wkiak  wtmM  aoc  owarwiM  Aava  boaa  arailaUa. 

**  All  MtaoM  intaNaM  IB  SaMtMT  Sdaaoa  ow«  a  debt  of  fiatitMde  u>  Mr.  Crimp 
Hk  varit  will  be  aspadaUr  vmAiI  to  SAmTAKV  AvTMoaiTiBS  and  their  advieets  .  .  . 
aiWfiTLY  PEACTiCAL  AMs  va^uL  .  giTot  pbiM  aod  desCTMtions  of  MANY  or  rHa 
Harr  mrottTAirr  tawAcn  wonts  of  Eogiaad  .  .  with  ray  YaWiable  iafomalioa  as  la 
ika  CMT  af  oamtmcissn  aad  woHttna  of  aMk  .  .  .  Tka  caiamBy  piapaiad  Aawiaga  per- 
■fc  af  asi  aaajr  c— paiiiaii  beta  en  Ike  iWhtiiiii  lysi—i  "  ^Lmmewi. 


*  Piakably  the  moot  coatrurra  and  aaar  trbatisb  oa  ttie  sabfect  which  ha*  appeared 
in  our  kMgoafe  Will  m%y^  of  ike  gtaaieBt  nee  to  ell  wao  have  tk«  problem  of 

Sawace  Dupcaal  ta  ^m.^'—Edirnkm-gk  MtiUmlJ^umml. 


In  Crown  Svo,  Extra.     With  lUuitrationi.      8t.  6d. 

CALCAREOUS    CEMENTS: 

THEin  NATURE,  PREPARATION,  AND  USES. 
By   gilbert   R.    REDGRAVE.    Assoc.    Inst.   C.E, 

Amlstant  SeereUry  for  Taohnology,  Board  of  Bducatloa,  South  Kensinffton. 

General  Contents. — Introduction— Historical  Review  of  the  Cement 
Industry — The  Early  Days  of  Portland  Cement — Composition  of  Portland 
Cement— Processes  of  Manufacture— The  Washmill  and  the  Backs — 
Flue  and  Chamber  Drying  Processes — Calcination  of  the  Cement  Mixture — 
Grinding  of  the  Cement — Composition  of  Mortar  and  Concrete — Cement 
Testing  —  Chemical  Analysis  of  Portland  Cement,  Lime,  and  Rav* 
Materials  —  Employment  of  Slags  for  Cement  Making  —  Scott's  Cement, 
Selenitic  Cement,  and  Cements  produced  from  Sewage  Sludge  and  the 
Relttse  from  Alkali  Works  —  Plaster  Cements  —  Specifications  lor  Portland 
Cement — Appendices  (Gases  Evolved  from  Cement  Works,  EiFects  of  Sea- 
water  on  Cement,  Cost  of  Cement  Manufacture,  &c.,  &c.) 

'*  A  woi^  caloQlated  to  be  of  orb  at  and  bxtritdbd  vmurr" —Chetnieal  Newt 

**  IWALnABLB  to  the  Stadent,  Arohitect,  and  Bofcineer."-  Building  I/evM. 

**  A  work  of  the  QKBAraar  umaBar  and  nsBFULMBas,  whleh  appeara  at  a  vary  ortllsnl 
period  of  the  Oament  Trade.*'— JH<.  rra^U  Journal. 

"Will  be  naafol  to  ALL  interested)  tn  the  HAirurACTURB,  nan.  and  TBsmre  of  Oamanta.'*— 
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Beautifully  lUustrtUed,  ufith  Numerous  PlcUes,   Diofframa,   and 
Figures  in  the  Text,     21«.  net, 

TRADES'    WASTE! 

ITS   TREATMENT   AND    UTILISATION. 

With   Special  Reference  to   the  Prevention   of  Rivera  Pollution. 

A  Handbook  for  Borough  Engineers,  Surveyors,  Architeets 
and  Analysts. 

By    W.    NAYLOR,    F.C.S.,    A.M.Inst.C.E., 

Chief  Inspector  of  Rivers,  Ribble  Joint  Committee. 

CONTKNTS.—I.  Introduction.— II.  Chemical  Engineering. —III. ~ Wool  De-greasing 
and  Grease  Recovery.— IV.  Textile  Industries:  Calico  Bleaching  and  Dyeing.— V.  Dveing 
and  Calico-Printlng.— VI.  Tanning  and  Fell mongery.— VII.  Brewery  and  Distillery 
Waste.— Vin.  Paper  Hill  Refuse.- IX.  Oeneral  Trades'  Waste.— Index. 

'*  Alms  at  setting  forth  the  causes  of  rivers  pollution,  and  the  best  known  means  of 
preventing  such  poUation  eoonomicallv.  .  .  An  attempt  hus  been  made  to  point  out 
the  principles,  characteristics,  and  udvantages  of  the  various  systems  of  treatment*'  — 
AMthof'*  Prtfact. 

"  A  contribution  of  considbkablb  iiiportancx.*'— 77ie  iMneti. 

'*  There  is  probably  no  person  In  England  to-day  better  fitted  to  deal  rationally  with 
suoh  a  subject."— i(ri<aA  Sanitariaii. 

"  Toe  work  is  thoroughly  practical,  and  will  serve  as  a  handbook  in  the  future  for  those 
who  have  to  encounter  tue  problems  discussed."— CAemieai  TVacte  Journal. 


Second  Edition,  Revised  and  Enlarged,  with  New  SxcnoK  on 
AoBTTLSNK.    FuIly  Illustrated.     10s.  6d. 

THE    CHEMISTRY    OF 

GAS     MANUFACTURE. 

A  Hand'Boo/i  on  the  Production,  Purification,  and  Testing  of  liiuminating 

Qas,  and  the  Assay  of  the  Bye-Products  of  Gas  H^anufacture. 

For  the  Use  of  Students. 

BT 

W.  J.  ATKINSON  BUTTERFIELD,  M.A.,  F.I.C.,  F.C.S., 

Formerly  Head  Chemist.  Gas  Works.  Beckton,  London.  B. 


General  Contints. — I.  Raw  Materials  for  Gas  Manufacture.  —  II.  Coal 
Gas.— III.  Carburetted  Water  Gas.— IV.  Oil  Gas.— V.  Enriching  by  Liffht 
Oili.— VI.— Final  Details  of  Manufacture.— VII.  Gas  Analysis.— VIII. 
Photometry.— IX.  Applications  of  Gas. —X.  Bye-Products.— XI.  Acetylene. 
— Indbz. 

**  The  BEST  WOBK  of  its  kind  which  we  have  ever  had  the  pleasure  of  re- 
viewing.** — Journal  of  <ia$  Lighting.  

*'  Amongst  works  not  written  in  German,  WB  recommend  befobe  all  crUBKB, 
BuTTEBf ield'b  Chemistrt  OF  Gab  MANUFACTURE.*'— CAfmtiwr  Zwtung. 
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Ninth  Edition,  Revised.    Price  6i. 

PRACTICAL  SANITATION: 

4  HAND-BOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 

INTERESTED  IN  SANITATION. 

By  GEORGE    REID,    M.D.,   D.P.H., 

AMw,  Mtm,  C*m$ciL  Md  Exmmiiur,  SamUmrr  ImsMuig  tf  Grtmi  BrUmm. 
mud  MtdUai  OjfUtr  U  tkt  SiaJ^rdtkin  Cmmiy  CtmteiL 

tniltb  an  l3iV^tx(b\i  on  Sanltati;  Xaw» 

By    HERBERT    MAN  LEY,     M.A.,    M.B.,    D.P.H., 

Medical  OjBUctr  •fHtaUkMr  tJu  Coumty  Bprvufk  #/  UTeat  Brffuwick, 

GiNE&AL  Contents. ^Introduction— Water  Supply:  Drinking  Water, 
Pollution  of  Water— Ventilation  and  Warming  —  Principles  of  Sewage 
Remoral  —  Details  of  Drainage  ;  Refuse  Remoral  and  Disposal— Sanitary 
and  Insanitary  Work  and  Appliances— Details  of  Plumbers' Work— House 
Construction  —  Infection  and  Disinfection  —  Pood,  Inspection  of ;  Chame- 
tehstics  of  Good  Meat ;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food- 
Appendix  :  Sanitary  Law ;  Model  Bye-Laws,  &c. 

"Dr.  Rtid's  very  useful  Manual  .  .  .  abounds  in  practical  detah. " 
•^British  Medical  Journal. 

"  A  YBRT  USEFUL  HANDBOOK,  With  a  Tory  uscfiil  Appendix.  We  recommiBd 
it  not  only  to  Sanitary  Inspectors,  but  to  Householders  and  all  iaterasiatf 
in  Sanitary  matters." — Sanitary  Ruord. 


COMPANION    VOLUME    TO    REID'8    SANITATION. 

In  Crown  8vo.    Handsome  Cloth.    Profusely  Illustrated.     8s.  6d.  net. 

Sanitary  Engineering: 

A  Praotieai  Manual  of  Town  Drainage  and  Sewage  and  Refuse  Diapoaat, 

For  Sanitary  Authorities,  Engineers,  inapeoters,  Arohlteots, 
Oontraotors,  and  Students. 

BY 

FRANCIS    WOOD,    A.M.Inst.C.E.,    F.G.S.. 

Borough  Engineer  and  Surveyor,  Fulham ;  late  Borough  Engineer,  Bacup,  Lanes. 


GENERAL  CONTENTS. 
Introduction. — Hydraulics.— Velocity  of  Water  in  Pipes.— Earth  Pressures  and  Retainiiic 
Walls. — Powers.— House  Drainage.-  Land  Drainage. — Sewers. — Separate  System. — Sewage 
Pum^g.— Sewer  Ventilation. — Drainage  Areas, —Sewers,  Manholes,  &c— Trade  Refuse. — 
Sewage  Disposal  Works. -Bactbriolysis.— Sludge  Disposal.— Construction  and  Qeansing 
of  Sewers. — Refuse  Disposal.— Chimneys  and  Foundations. 

"  The  volume  bristles  with  information  which  will  be  greedily  read  by  those  in  need  of  assistance.  The 
book  IS  one  that  ought  to  be  ou  the  bookshelves  of  EVERY  PRACTICAL  BMClVBUR." —SaMitatyyaumai, 

"A  VERITABLE  POCKET  COMPENDIUM  of  Sanitary  Ensfincering.  ...  A  work  which  may,  ia 
manjr  respects,  be  considered  as  complete    .   .    .   commrndably  CAUTIOUS  .    .   .   INTBRBSTXNG 

.    .    .    SVGGVSrwn"— Public  Health  Engineer, 
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Vol.  1.  Now  Ready.    Important  New  Work. 

In  Two  VolumaSf  Large  %vo.     Strongly  Bound,     2is.  each^  net, 

PHYSICO-CHEMICAL    TABLES 

FOR  THE  USE  OF  ANALYSTS,  PHYSICISTS.  CHEMICAL 
MANUFACTURERS,  AND  SCIENTIFIC  CHEMISTS. 

Volome  I.— Chemical  Engineering,  Physical  Chemistry.  \JuBt  Out 
Volnme  II. — Chemical  Physics,  Pure  and  Analytical  Chemistry. 

By    JOHN    CASTELL-EVANS,    F.I.C.,    F.C.S., 

Superintendent  of  the  Chemical  Laboratories,  and  Lecturer  on  Inorganic  Chemistry  and 
Metallurgy  at  the  Finsbury  Technical  College. 

The  Tables  may  almost  claim  to  be  exhaustive,  and  embody  and  collate  all  the  most 
ecent  data  established  by  experimentalists  at  home  and  abroad.  The  volumes  will  be 
found  invaluable  to  all  engaged  in  research  and  experimental  investigation  in  Chemistry  and 
Physics. 

The  Work  comprehends  as  &r  as  possible  all  rulks  and  tablu  rMuired  by  the 
Analyst,  Brewer,  Distiller,  Add-  and  Alkali-Manufacturer,  &c.,  &c. ;  and  also  the  prin- 
cipal data  in  Thkrmo-Chbmistrv,  Elkctro-Chemistry,  and  the  various  branches  of 
Chemical  Physics.  Every  possible  care  has  been  taken  to  ensure  perfect  accuracy,  and 
t*  include  the  results  •£  the  most  recent  investigations. 


In  Large  Svo.     Handtome  Cloth.     Beautifully  Illustrated.     With 
Plates  and  Figures  in  the  Text.     21«. 

Road  Making  and  Maintenance: 

A    FBACTICAL    TBEATISE    FOB    ENGINEEBS, 
SUBVEYOBS,     AND     OTHEBS. 

With  an  Historical  Sketch  of  Ancient  and  Modern  Practicb. 

By  THOS.  AITKEN,  Assoc. M.Inst.O.E., 

Member  of  the  Assoc!  itlon  of  Munioipal  and  Goanty  Enffineera ;  Member  of  the  Sanitary 
Inst ;  Surveyor  to  the  County  Council  of  Fife.  Cupar  Division. 

WITH   NUMEROUS   PLATES,    DIAGRAMS,    AND   ILLUSTRATIONS. 

Contents. — Historical  Sketch.— ResiBtance  of  Traction.— Layinff  out 
New  Roads.  —  Earthworks,  Drainage,  and  Retaining  Walls.  —  Road 
Materials,  or  Metal.— Quarrying. — Stone  Breaking  and  Haulage.- Road- 
Rolling  and  Scarifying.— The  Construction  of  New,  and  the  Maintenanoe 
of  existing  Roads. — Carriage  Ways  and  Foot  Ways. 

"The  Literary  style  Is  kxcklukt.  ...  A  compebhsrsivs  and  bxcblurt  Modem  Book,  an 
QP-TO-DATS  worlc  .  .  .  Should  be  on  the  reference  shelf  of  every  Munielpal  and  County 
Emrineer  or  Surveyor  In  the  United  Kingdom,  and  of  every  Colonial  Engineer."— 2%«  Survsyor. 

lONDON:  CHARLES  GRIFFIN  «  CO..  LIMITED.  EXETER  STREET,  STRAND. 
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Third  Edition,  Revised  and  Enlarged.     With  Illustrations.     r2s.  6<L 

Painters' 
Colours,  Oils,  &  Varnishes: 

A    PRAOTIOAXi    MANUAZ.. 

By   GEORGE    H.    HURST,    F.C.S., 

Mamber  of  the  Society  of  Chemical  Industry ;  Lecturer  on  the  Technolonr  of  Paimo,. 

Colourt.  Oils,  and  Varnishes,  the  Municipal  Technical  School,  Manchester 
Gbnbral  Contents.— Introductory— The  CoBfl»osiTiON,  Manupactuili- 
ASSAY.  and  Analysis  of  Pigments,  White.  Red,  Yellow  and  Orange.  GrtCL, 
Blue.  Brown,  and  Black— Lakes— Colour  and  Paint  Machinery  -  Paint  Vehicles 
(Oils,  Turpentine,  Ac,  &c.) — Driers — Vaknishes. 

"  A  THOROucHLv  PRACTICAL  book,    ...    the  ONLY  English  work  that  satistactortly 
treats  of  the  numufacture  of  oils,  colours,  and  pigments." — Cknidcmi  TrtuU/  ycurna^ 

\*  For  Mr.  Hurst's  Garment  Dyeing  and  Cleaning,  see  p.  S4. 
In  Crown  8vo.     Handsome  Cloth.     With  Illusirations.     5s. 

THE  PAINTER'S  LABORATORY  GUIDL 

A  Student's  Handbook  of  Paints,  Colours,  and  Varnishes. 

By  GEORGE   H.    HURST,  F.C.S.,  M.S. C.I. 

Abstract    of   Ckn ten ts.  —  Preparation  of   Pigment   Colours. — Chemical    Principles 
Involved. — Oils  and  Varnishes. — Properties  of  Oils  and  Varnishes. — Tests  and  Experiments. 
— Plants,  Methods,  and  Machinery  of  the  Paint  and  Varnish  Manufactures. 
TAts  Work  has  bten  desi^ntdbv  tlw  Autfun^/or  thr  Laboraterv  of  the  Tfchnicai  School^  and 

of  th£  Paint  and  Colour  Worksy  and  for  all  intrrrsted  or  rnf^xfed  in  these  industries. 

Second  Edit[on,  Revised.    In  Crown  8vo.  extra.    With  Numerous  Illustra- 
tions  and  Plates  (some  in  Colours),  including  Original  Deaigna.     128.  6d. 

Painting  and  Decorating: 

A    Complete  Practical  Manual  for  House 

Painters  and  Decorators. 

By    WALTER    JOHN    PEARCE, 

UMmmiE  AT  THE  MAKOBBSTBR  TSCHMIGAL  SCHOOL  FOR  BOUBE-PAIVTDCO  AMD  DBOOKATDI* 

GENERAL    CONTENTS. 
Introduction— Workshop  and  Storee— Plant  and  Appliances— Brushes  and 
Tools— Materials  :   Pigments,  Driers,  Painters'  Oils— Wall  Hangings— -Fa^er 
Hanging— Colour  Mixing — Distempering — Plain  Painting^— Staining— Varnish 


and  Varnishing — Imitative  Painting  —  Graining — Marbling — GildingySigii- 
Writing  and  Lettering— Decoration  :  General  I*rinciples — Decoration  in  Dis- 
temper— Painted  Decoration  —  Relievo  Decoration — Colour — Measuring  and 
Estunating — Coach-Painting— Ship-Painting. 

**A  THOROUGHLY   USEFUL   BOOK     .      .      .      GOOD.   SOUND,    PRAOTIOAl  IMTOB- 

MATION  in  a  CLEAR  and  concise  yokw.."— Plumber  and  Decorator. 

**  A  THOROUGHLY  GOOD  AND  RELIABLE  TEXT-BOOK.      .      .      .      So   FULL  and 

OOMPLBTS  that  it  would  be  difficult  to  imagine  how  anything  further  oould  h% 
added  about  the  Painters  craft.*' — Buildera  Journal. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED.  EXETER  STREET,  STRAND. 


OHEMIBTRT  AND   TiOOBNOLOQT,  8i 

JUST  OUT.     In  Large  8vo.     Handsome  Cloth.     With  4  Plates 
and  Several  Illustrations. 

THE  CHEMISTRY  OF  INDIA  RUBBER. 

A  Treatise  on  the  Nature  of  India  Rubber,  its  Chemieal  and 

Physical  Examination,  and  the  Determination  and 

Valuation  of  India  Rubber  Substitutes. 

Including  the  Outlines  of  a   Theory  on  Vulcanisation. 

BY 

CARL   OTTO    WEBER,    Ph.D. 

Abstract  of  Contents. — Introduction. —The  Chemistry  of  India  Rubber. 
— The  Examination  and  Valuation  of  India  Rubber. — Examination  of  India 
Rubber  Substitutes. — Inorganic  Filling  Materials. — Vulcanisers  and  Sulphur 
Carriers. — India  Rubber  Solvents. — Colouring  Matters  and  Pigment  Colours. 
— Constructive  Components  of  India  Rubber  Articles. — Analysis  of  Manu- 
factured India  Rubber, — Sanitary  Conditions  in  India  Rubber  Works. — 
Index. 


In  Large  Sra     Handsome  Cloth.     With  144  Illustrations.     28s. 

Fixed  Oils,  Fats,  Butters, 
and  Waxes: 

THEIR  PREPARATION  AND  PROPERTIES,  AND  MANUFACTURE  THERE- 
FROM OF  CANDLES,   SOAPS,   AND  OTHER  PRODUCTS. 

BY 

C.  R.  ALDER  WRIGHT,  D.Sc,  F.R.S., 

\.MXm  Lecturer  cm  Chemistry.  Sl  MuVs  Hospital  Medical  School ;  Examiner  in  "Soap" 
to  the  City  and  Guilds  of  London  Institute. 

"  Dr.  Whight's  work  will  be  found  absolutblv  iNDismcsABLB  by  crery  Chemist 
TsBMS  with  information  valuable  alike  to  the  Analyst  and  tke  Technical  Chemist.*— 
Th*  Analyst. 

"Will  rank  as  the  Stamdakd  Engusm  Authokity  on  Oils  and  Fats  for  maaf 
rears  to  come." — InduttrUi  mmd Ir*H. 

LONDON:  CHARLES  GRIFFIN  «  CO..  LIMITED,  EXETER  STREET,  STRAND, 
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§10.  THE  TEXTILE  INDUSTRIES, 

In  Two  Large    Volume*,  920  pp.,  with  a  SuppUmetUary  Volume^ 
containing  Specimens  of  Dytd  Fabrics,    45«. 

A    MANUAL   OF    DYEING: 

fOR   THE  USE  OF  PRACTICAL   DYERS,  MANUFACTURERS,  STUDEMTS 
AMD  AU  INTERESTED  IN   THE  ART  OF  DYEING. 

BT 

B.  KNECHT,  Ph.D.,  F.LC.  CHR.  RAWSON,  F.I.C.,  F.C.S., 

AMd  wf  Ik*  CkMBlrtxy  ud  DjclBf  Oeputaiaat  of  L—i  Emd  of  th< QwnJrtry  and  Dyitof  DmnillMl 
*•  TWbaiMl  Sehool.  Manrh— Un  ■dltor  of  -  Th«  of  «ko  ToehniAl  CoUofo.  Biadfonl ;  Mmahm  af 
l0mm»l9tih»Boettttj9lDymnmaACo\oiaiBUi-  OMaril  af  tho Sooiotr  of  Dyw* oad  CelMiMii 

And  RICHARD  LOEWENTHAL,  PI1.D. 

Okmiral  Coxtkhtb.— Chemical  Technologj  of  the  Textile  PabricB  - 
Water —Washing  and  Bleaching  —  Acids,  Alkalies,  Mordants  —  Natural 
Colonring  Matters — Artificial  Organic  Colooring  Matters — Mineral  Goloon 
—Machinery  used  in  Dyeing— Tinctorial  Properties  of  Colooring  Matters— 
Analysis  and  Vslnation  of  Materials  nsed  in  Dyeing,  Ac.,  Ac 

-  The  Mon  taixablb  and  v»mm.  wouc  on  Dyeing  that  hsa  yet  sppssred  In  lb*  Sbk>i««^ 
Huvnsce    .    .     .    likely  to  be  tbb  Stabdabd  Wobx  or  BsvKSmcB  for  jeere  to  eom«»'*— 

**  This  anthoritatiTe  and  ezhaoeUve  work  .  .  .  Ihe  Moar  oohplstb  we  ha^  yet  »«•» 
ea  the  eabject"— 7Vxft2«  Mtmnfueitatr. 

"  Tbe  HOST  BXHAueriTB  and  ooMPutra  wobk  on  the  enbjeet  extant"— ffcrtO^  Rtetrdti 


Companion  Volume  to  Knecht  d:  Rawtoti*»  "  Dyeing."    In  Large  8vo. 
IlancLsome  Cloth,  Library  Style,     16$.  net. 

DYES,  MORDANTS,  &  OTHER  COMPOUNDS 

USED  IN  DYEING  AND  CAUCO  PRINTING. 

With  FormulcB,  Properties,  and  Applications  of  the  oarious  subatanen  described, 

and  concise  directions  for  their  Commerelal  Valuation, 

and  for  the  Detection  of  Adutteranta. 

By  CHRISTOPHER  RAWSON,  F.I.C.,  F.C.S., 

Consulting  Chemist  to  the  Bebar  Indigo  Planters'  Association:    Co-Aathor  of  *'▲  Manual 

of  Djeing;" 

WALTER  M    GARDNER,  RC.S., 

Head  of  the  Department  of  Cbemistr.T  and  Djeing,  Bradford  Mnnieipal  Technical  OoUefe; 
Eiliior  of  the  "  Joum.  Soc.  Dyer*  and  Coloumto : " 

Akd  W.  F.  LAYCOCK,  Ph.D.,  F.C.S., 

Analytical  and  Consulting  Chemist 
"  Tnm  to  the  book  aa  one  may  on  any  subject,  or  any  substanee  in  connection  with  the 
trade,  and  a  reference  is  sure  to  be  found     Tbe  authors  hare  apparently  left  nothing  out 
Considering  the  immense  amoubC  of  information,  the  book  ia  a  cheap  one.  and  we  trust  ft 
will  be  widely  appreciated." — Textile  Mercury. 

LONDON:  CHARLES  GRIFFIN  h  CO..  LIMITED.  EXETER  STREET.  STRAND. 


THB  TEXTILE  INDU8TRIB8. 


In  Large  Svo^  Handsome  Cloth,  with  Numerous  lUustraiioM,      9s.  net, 

TEXTILE  FIBRES  OF  COMMERCE. 

A   HANDBOOK  OF 

The  Ooourrence,  Distribution,  Preparation,  and  Industrial 

Uses  of  the  Animal,  Vegetable,  and  Mineral 

Products  used  in  Spinning  and  Weaving. 

By    WILLIAM    L    HANNAN-, 

Leotnrer  on  Botany  at  the  Asbton  Municipal  Technicil  School,  Lecturer  on  Cotton 
Spinning  at  the  Chorley  Sdenoe  and  Art  School,  &c. 

With  N\imerou8  Photo  Engravings  from  Nature. 

*«*  The  subjects  discussed  in  this  volume  are,  in  order  to  facilitate 
reference,  arranged  in  alphabetical  order  under  their  respective  heads.  The 
work  may  thus  be  regarded  as  a  Dictionary  on  Textile  Fibres.  A  feature  of 
the  work  is  the  wealth  of  botanical  description  which  accompanies  the 
Section  dealing  with  Vegetable  Fihrea,— Publisher^  Note, 

**  (Jbbfcl  Infobmatior.  .  .  .  Admihablk  Illustrations.  .  .  .  The  Information 
is  not  easily  attainable,  and  in  its  present  conyenient  form  will  be  valnable."— JVxft'te 
IUef>rder. 


TEXTILE    PRINTING: 

A   FBACTIOAIi   MANUAIi. 
Inciading  the  ProcesBes  Used  in  the  Printing  of 
COTTON,   T7700LLEN,    SILK,   and   HALF- 
SILK  FABEICS. 
By  C.  F.  SEYMOUR  ROTHWELL,  F.C.S., 

Mmn.  Soc.  of  Ohmnieal  Industries;    /ate  L«etur§r  at  the  Mvnieipmi  Tsehnieml  Schcoi, 
Manchtstsr, 

In  Large  Svo,  with  Illustrations  and  Printed  Patterns.     Price  2ia 


General  Contents.  —  Introduction.  —  The  Machinery  Used  in  Textile 
Printing.— Thickeners  and  Mordants.— The  Printing  of  Cotton  Goods.— The 
Steam  Style.— Colours  Produced  Directly  on  the  Fibre.- Dyed  Styles.— 
Padding  Style.— Resist  and  Discharge  Styles.— The  Printing  of  Compound 
Colourings.  &c.— The  Printing  of  Woollen  Goods.— The  Printing  of  Silk 
Goods.  —  Practical  Recipes  for  Printing.  —  Appendix.  —  Useful  Tables. — 
Patterns. 

'*  Bt  var  THB  BMT  aod  MOBT  FBACTiGAL  BOOK  on  TBZTXLB  FUXTDio  which  hai  jet  b«en 
brought  ont,  and  will  long  remain  the  standard  work  on  the  aabject  It  is  essentially 
practical  in  character."— 7\u-f«7<  Mercury. 

"  Tax  MOST  PRACTICAL  MANUAL  of  TKXTiLB  pRiNTnio  whlch  Yojs  yet  appeared.  We  haw 
•0  hesitation  in  recommending  it"— 7%e  Textile  Manufacturer. 

LONDON:  CHARLES  GRIFFIN  ft  CO.,  LIMITED.  EXETER  STREET.  STRAND, 


•4  CHAMLE8  GRIFFIN  S  OO.'S  PUBUCAT10N8. 

Largs  8to.     Handioaie  Cloth.     12fe.  6d. 

BLEACHING  &  CALICO-PRINTING. 

A   Short   Manual  for   Students  and 
Practical  Men. 

Bt    GEORGE    DUERR, 

Phwlur  of  the  Bleachlnit.  Dyeiof.  and  Printinf  Deputment  «t  th*  AeorinftoB  and  Bacnp 
Tadmicml  Schools :  Chcmiat  and  Golourial  at  tha  InraU  Print  Worka. 

Assisted   bt   WILLIAM    TURNBULL 

(of  Tankbnll  A  Stockdale.  Limltwl). 

With  lUuitrationa  mnd  upwardB  of  One  Hundred  Dyed  and  Printed  PaUonu 
designed  specially  to  shon^Tarious  Stages  of  the  Processes  described. 

GENERAL  CONTEXTS, -Cotton,  Composition-  of;  Blkachiho,  New 
Processes ;  Printing,  Hand-Block  ;  Flat-Press  Work ;  Machine  Printiar— 
Mordants-  Styles  op  Calicx)-Printing  :  The  Dyed  or  Madder  Style,  Resist 
Padded  Style,  Discharge  and  Extract  Style,  Cliromed  or  Raised  Coloinai 
Insoluble  Colours,  &c  —  lliickenera  —  Natural  Organic  Colouring  Matters 
—Tannin  Matters  —  Oils,  Soaps,  Solvents— Organic  Acids— Salts— Minsnl 
Colours— Coal  Tar  Colours— Dyeing— Water,  Softening  of— Theory  of.Colonn 
—Weights  and  Mea8ures,  Ac 


**  When  a  bxadt  vat  oat  of  a  difflcnlty  ia  wanted,  it  it  is  lOOKa  liks  this  that  ft  Is  f 
TmtiU  Recorder. 

"Mr.  Duub'8  work  will  be  found  most  UBBrvi.    .    .    .    The  Information  ftven  la  of  essar 
vALua.    .    .    .    The  KecipeeareTHumouoHLT  PKACTiCAL."— reaDlito  JfMtH/iu<iir«r. 


Second    Edition.      Revised  and   Enlarged.      With   Numerous 
Illustrations.      4s.  6d. 

GARMENT 
DYEING    AND   CLEANING. 

A  Practical  Book  for  Practical  Hen. 
By     GEORGE     H.     HURST,     F.C.S., 

Member  of  the  Society  of  Chemical  Industry. 

General  Contents.— Technology  of  the  Textile  Fibres— Garment  Cleanmg 
—Dyeing  of  Textile  Fabrics — Bleaching — Finishing  of  Dyed  and  Cleaned  Fabrics- 
Scouring  and  Dyeing  of  Skin  Rugs  and  Mats — Cleaning  and  Dyeing  of  Feathers — 
Glove  Cleaning  and  Dyeing — Straw  Bleaching  and  Dyeing — Glossary  of  Drqgs 
and  Chemicals- Useful  Tables. 


"  All  UP-TO-DATS  hand  book  has  long  been  wanted,  and  Mr.  Hurst  has  doae  i 
more  complete  than  this.  An  important  work,  the  more  so  that  several  of  the  branches  ol 
the  craft  here  treated  upon  are  almost  entirely  without  £r.glish  Manuals  for  the  guidaaoa 
«f  workerf .    The  price  brings  it  within  the  readi  of  9MJ"'—Dyer  and  Calico-Printer 

"  Mr.  Hurst's  wonc  decidedly  fills  a  want         .     .    ought  to  be  in  the  handa  «f 
STBBV  gaxment  dvbr  and  cleaner  in  the  Kingdom" — Textile  Mercury. 

LONDON:  CHARLES  GRIFFIN  A  CO..  LIMITED.  EXETER  STREET.  STRAND. 


INTRODUCTORY  SCILNCBi  SERIES,  85 


'*  fioyi  OOULp  NOT  HATX  ▲  MORI  ALLUBIKO  IRTRODUOnOH    tO  SCiepttflo  punutti 

in  these  ohaantng-Iooklng  volumes."-'  "       -—         ^..^        -^_      ^^-  «     ^ 
master  of  one  of  ^ur  great  Public  Schools. 


tkan  these  ohaantng-Iookln^  volumes."— Letter  to  the  Publishers  from  the  Heed- 
neof^ur 


OPEH-iHH  STUDIES  \%  BOTAjlY: 

SKETCHES    OF    BRITISH    WILD    FLOWERS 

'  IN  THEIR  HOMES. 

By  B.   LLOYD   PRAEQER,  B.A,   M.R.I.A. 

Uiustrated  by  Drawinflrs  from  Nature  by  S.  Rosamond  Praeffep, 
and  Pfiotographs  by  R.  Welch. 

HandAome  Cloth,  Ts.  6cL  Gilt,  for  Presentation,  8a.  6d. 
UufBRAL  Contents. — A  Daisy -Starred  Pasture— Under  the  Hawthoma 
—by  the  Kiver — Along  the  Shingle — A  Fragrant  Hedgerow— A  Conneo^ara 
Boff — Where  the  Samphire  flrowa — A  Flowery  Meadow — Among  the  Com 
«a  Study  in  Weeds)— Ui  the  Home  of  the  Alpinea— A  City  RubluBh-Heap— 
Gloaaary. 

"  ▲  FBMB  AVD  ffTiM VLATDie  book    .    .    .    shoold  tako  a  high  plaoe    .    .    .    The 
lUostvatlons  are  drawn  with  much  skill."— 7'JU  Timu. 

"  BiAumruLLT  iLLunaATSD.     .     .     .     One  of  the  MOff  AOOURAn  as  well  aa 
nrsBBRQia  books  of  the* kind  we  have  seen."— ^tA^meutn. 

"Bedolent  with  the  soent  of  woodland  and  meadow."— TJU  Standard, 


OPEjl-AIH  STUDIES  IH  GEOItOGY: 

An  Introduetlon  to  Geolofiry  Out-of-doors. 
By    GRENVILLE    A.   J.   COLE,  F.G.S..   M.R.I.A., 

Professor  of  Oeology  in  the  Sojal  College  of  Science  for  Ireland, 
and  Examiner  in  the  University  of  London. 

With  12  Full'PagB  Illustration*   from  Photograph:      Cloth,     8m.  M 
G^sKBaAL  Contents.— The  Materials  of  the  Earth— A  Mountain  HoUow 

—Down  the  Valley— Along  the  Shore — Across  the  Plains— Dead  Volcanoet 

—A  Gimnite  Highland— The  Annala  of  the  Earth— The  Surrey  Hills- The 

Voids  of  the  Mountains. 
*'The  VAscnATDiti  'Orma-Ai*  Sitrnxas*  of  Pboy.  Oolb  five  the  sabjeot  a  glow  ov 

AKiMATiON    .    .    .    cannot  fall  to  aroaiie  keen  interest  in  geology. "—0«>Je^ieai  Mtigatinf, 
*'  A  CHAaxnco  book,  beantifaliy  illnstrated."  -  Athenaeum. 

Beautifully  Illustrated,     With  a  Frontispiece  in  Colours,  and  Numerous 
*      Specially  Drawn  Plates  by  Charles  Whymper. 

OPEjl-AIR  STUDIES  I]l  6lHD<bIFE: 

SKETCHES  OF  BRITISH  BIRDS  IN  THEIR  HAUNTS. 
By    CHARLES    DIXON. 

The  Spacious  Air.— The  Open  Fields  and  Downs. — In  the  Hedgerows.— On 
Open  Heath  and  Moor.— On  the  Mountains.— Amongst  the  Evergreens.— 
Copse  and  Woodland.— By  Stream  and  Pool.— The  Sandy  Wastes  and  Mud- 
flats.—Sea-laved  Rocks.— Birds  of  the  Cities.— Index. 

lONDON:  CHARLES  GRIFFIN  ft  CO..  LIMITED.  EXETER  8TREEL  STRAW 


86  0HARLS8  GRIFFIN  4  C0:8  PVBLI0ATI0N8, 

Nineteenth  Annual  Issue.    Handsome  cloth,  7$.  fftf. 
(To  Subscribers,  68.), 

THE     OFFICIAL     YEAR-BOOK 

or  mm 

SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT  BRITAIH 
AND  IRELAND. 

OOXPILBD  FROM  OmOIAL  BOUROBa 

O^mpHtlng  {iogethBr  with  other  Official  Information)  LISTS  •f  I** 
?A?ERS  road  during  the  Session  1901-1902  boforo  ail  tho  LEADiNQ 
SOCIETIES  throughout  tho  Kingdom  engaged  in  the  following  Depart- 
monte  of  Reoearoh  .*— 

»  B.  ScMBM  Gcn«ndly :  i^.,  Sodetiet  occupy^ 
iac  thwnwlTw  with  WTenl  Bnachet  of 
ScMDce.  or  with  ScUnce  and  litontur* 

'^**^-         ^«.    • 

and  Phynct. 


f.  ChoMJolij  and  Fhotocn#hjr- 

4.  OoolofT,  Goegnphy,  and  iiinenloty- 

%.  Bioloc7>  iadwding  if icroaooiiy  ana  km- 


I   6.  Economic  Sdenca  and  Sutistica. 

I   7.  Ilechanical  Science,  Engineering,  na* 

ArchitectDM 
f  t.  Narad  and  Militanr  Science. 
}   9.  Agriculture  and  Hovticnhui« 
1 10.  Law. 
f  IX.  Literature. 
i  la    Psychology. 
\xy  Axchsology. 
1x4.  Ubdicinb. 

"Fills  a  very  real  want." — Engifieermg, 

"  Indispensable  to  any  one  who  may  wish  to  keep  himself 
abreast  of  the  scientific  work  of  the  day." — Edinburgh  Medical 
fourtuU, 

**  The  Ybak-Book  of  Socxbtibs  ii  a  Record  which  ought  to  be  of  the  greateitme  far 
the   pwge»  of   Science."— ^»nf  Pimx/mr,  F,RM„  K,C.B.,  H.P,,  Pmti-PrttidMU  #/£lr 

"  It  goea  almost  without  aayinK  that  a  Handbook  of  thU  subject  will  be  in  liae 
ene  of  the  moet  generally  useful  works  fw  the  library  or  the  desk.'*--?*.*^  TimdM. 

"British  Societies  are  now  well  repreaeBteo  In  the  *Year-Book  ef  the  Scientific  aaA 
Leaned  Societies  of  Great  Britam  and  Ireland."*— (Art.  "Societies"  in  New  Sditiea  ei 
"  Vncyclo|MMiia  Britannica,"  toI.  xxii.) 


Copies  of  the  First  Issue,  giving  an  Account  of  the  History, 
Organization,  and  Conditions  of  Membership  of  the  vaiiona 
Societies,  and  forming  the  groundwork  of  the  Series,  may  still  be 
had,  price  7/6.      Ais/f  Copies  of  the  Issua  following. 


The  YKAR-BOOK  OF  sociETiBS  forins  a  complete  indkx  to  thh  scientific  work  of  the 
sessional  year  in  the  various  Departments.  It  is  used  as  a  Handbook  in  all  our  great 
ScimMTiFic  CvNTRBS,  MusKVMS,  and  LiBRARiBS  throughout  the  Kingdom,  and  has  become 
an  iNDisPKNSABLg  BOOK  OF  RKFERgNCE  to  cvcry  onc  engaged  in  Scientific  Woric. 

READY  IN  OCTOBER  EACH  YEAR. 

LONDON:  CHARLES  GRIFFIN  ft  GO.p  LIMITED,  EXETER  STREET.  STRAND. 
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Thi3  book  should  be  rot u rued  to 
the  Library  oo  or  before  the  last  date 
g tamped  below.    ^ 

A  tine  of  tiW'ceTUH  n  fh\y  la  niL-iirrcd 
by  rctavDingr^  beyond  the  Hpeciaed 
time* 

Please  rot  urn  promptly. 
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